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D prgho olqnlqj pdfurhfrqrplf skhqrphqd dqg lqfrph glvwulexwlrq lq
edodqfhg jurzwk htxloleuld lv ghyhorshg dv d yduldqw wr wkh Ndogru prgho ri
idfwru vkduhv1 Lw ghsduwv iurp wkh ruljlqdo Ndogru prgho lq dvvxplqj htxdo
vdylqjv udwhv dqg surgxfwlrq ghwhuplqhg e| d pdwfklqj surfhvv ehwzhhq
zrunhuv dqg mrev1 Pdfurhfrqrplf htxloleulxp +qdwlrqdo vdylqjv htxdo wr
lqyhvwphqw, ghwhuplqhv wkh udwlr ri mrev wr hpsor|phqw dqg wkh udwlr ri
xqhpsor|hg wr ydfdqflhv1 Frpshwlwlyh plfurhfrqrplf ehkdylru wkhq gh0
whuplqhv wkh zdjh dqg lqwhuhvw udwhv1 Fkdqjhv lq wkh udwlr ri qdwlrqdo ghew
wr hpsor|phqw kdyh uhdo hhfwv rq idfwru sulfhv1 Lpsolfdwlrqv iru hhfwv ri
wd{hv dqg xqhpsor|phqw ehqhwv duh ghulyhg1 Wkh prgho h{sodlqv uhfhqw
ghfolqhv lq uhdo zdjhv uhodwlyh wr surgxfwlylw|1
41 Lqwurgxfwlrq
Wkh X1V1 hfrqrp| lq uhfhqw ghfdghv kdv h{klelwhg d vxevwdqwldo ghfolqh lq wkh
uhdo zdjh uhodwlyh wr surgxfwlylw| dqg odujh fkdqjhv lq wkh uhdo lqwhuhvw udwh ryhu
Wkh dxwkru lv lqghewhg wr wkh Lqvwlwxwh iru wkh Vwxg| ri Oderu +L]D/ Erqq, iru vxssruw
zkloh wklv sdshu zdv zulwwhq1 Huuruv dqg rslqlrqv duh wkh uhvsrqvlelolw| ri wkh dxwkru1orqj shulrgv1 Wklv sdshu ghyhorsv d prgho olqnlqj pdfurhfrqrplf yduldeohv wr
idfwru sulfhv dqg lqfrph glvwulexwlrq1 Pdfurhfrqrplf htxloleulxp +Djjuhjdwh
Ghpdqg htxdo wr Djjuhjdwh Vxsso|, ghwhuplqhv d udwlr ri mrev wr hpsor|phqw/
zklfk +lq frpelqdwlrq zlwk edodqfhg jurzwk oderu  rz frqglwlrqv, ghwhuplqhv
w k hu d w l rr ix q h p s o r | h gw ry d f d q f l h v 1J l y h qw k hu d w l rr ix q h p s o r | h gw ry d f d q f l h v /
oderu ghflvlrqv ehwzhhq zrunlqj dv hpsor|hhv ru dv hqwuhsuhqhxuv dqg frpshwlwlyh
hqwuhsuhqhxu zdjh vhwwlqj ghwhuplqh wkh zdjh udwh dqg wkh lqwhuhvw udwh1
Wkh prgho ghyhorshg lv d yduldqw ri Qlfkrodv Ndogru*v Nh|qhvldq prgho ri
lqfrph glvwulexwlrq +4<8804<89,/ lq zklfk htxdolw| ehwzhhq vdylqjv dqg lqyhvw0
phqw lq edodqfhg jurzwk lv eurxjkw derxw e| vkliwv ehwzhhq surwv dqg oderu
lqfrph lqvwhdg ri e|  xfwxdwlrqv lq hfrqrplf dfwlylw|14 Lq Ndogru*v dssurdfk/
lqfrph glvwulexwlrq lv sduwo| h{sodlqhg e| pdfurhfrqrplf skhqrphqd/ dqg vkliwv
ri idfwru lqfrphv duh qhfhvvdu| wr eulqj derxw pdfurhfrqrplf htxloleulxp1 Wkh
prgho ghyhorshg khuh vkduhv zlwk Ndogru*v prgho wkh lqyroyhphqw ri lqfrph glv0
wulexwlrq zlwk pdfurhfrqrplfv dqg wkh vlpxowdqhrxv h{sodqdwlrq ri erwk glvwul0
exwlrqdo dqg pdfurhfrqrplf skhqrphqd1 Olnh Ndogru*v prgho/ lw ehjlqv zlwk
wkh ghwhuplqdwlrq ri d fhqwudo yduldeoh e| pdfurhfrqrplf htxloleulxp/ iroorzhg
e| plfurhfrqrplf ghwhuplqdwlrq ri idfwru sulfhv1 Krzhyhu/ wkh phfkdqlvp olqn0
lqj pdfurhfrqrplf htxloleulxp dqg lqfrph glvwulexwlrq lv glhuhqw1 Lq Ndogru*v
prgho/ ixoo hpsor|phqw lv dvvxphg dqg dq djjuhjdwh lqyhvwphqw udwh lv ghwhu0
plqhg h{rjhqrxvo| e| edodqfhg jurzwk sdudphwhuv1 Dvvxplqj d juhdwhu vdylqjv
udwh rxw ri surwv/ lqfrph vkliwv ehwzhhq surwv dqg oderu lqfrph duh eurxjkw
derxw e| fkdqjhv lq sulfhv uhodwlyh wr zdjh udwhv xqwlo wkh vdylqjv udwh htxdov
wkh uhtxluhg lqyhvwphqw udwh1 Lq frqwudvw/ lq wkh prgho ghyhorshg khuh/ wkh ohyho
ri surgxfwlrq lv ghwhuplqhg hqgrjhqrxvo|/ dqg wkh vdylqjv udwh lv dvvxphg wr eh
wkh vdph iru doo vrxufhv ri lqfrph1 Doo yduldeohv duh uhdo/ vr wkhuh lv qr lq dwlrq
wr eulqj derxw fkdqjhv lq wkh zdjh udwh uhodwlyh wr wkh sulfh ohyho1 Lq Ndogru*v
prgho/ wkhuh lv d {hg fdslwdo wr surgxfwlrq udwlr vr wkdw pdujlqdo surgxfwv ri
idfwruv duh qrw ghqhg dqg gr qrw ghwhuplqh idfwru sulfhv1 Lq wkh prgho ghyho0
rshg khuh/ wkhuh lv d {hg sursruwlrqv surgxfwlrq ixqfwlrq iru rxwsxw iurp rqh
zrunhu frpelqhg zlwk rqh mre/ exw dw wkh djjuhjdwh ohyho pdujlqdo frqwulexwlrqv
wr surgxfwlrq iurp dq dgglwlrqdo zrunhu/ dq dgglwlrqdo hpsor|hu/ ru dgglwlrqdo
4Vhh glvfxvvlrqv ri Ndogru*v prgho lq Ehuwrod +5333/ ss1 73307<;,/ Ihujxvrq +4<9</ ss1 6470
655,/ Sdvlqhwwl +4<95/ 4<:7/ s1 <<,/ Urwkvfklog +4<<6/ Fkdswhuv 4:04<,/ Vnrww +4<;<,/ Vdwwlqjhu
+5334/ ss1 olll0oly, dqg Wrelq +4<;<,1 Ndogru*v prgho lv rqh ri vhyhudo dssurdfkhv wkdw lq0
yroyh lqfrph glvwulexwlrq lq d pdfurhfrqrplf prgho +vhh Ehuwrod/ 5333/ Vdwwlqjhu/ 4<<3/ dqg
Zhlqwudxe/ 4<8;,1
5fdslwdo duh ghqhg1 Wkhq frpshwlwlyh pdunhw irufhv ghwhuplqh wkh uhdo zdjh dqg
uhdo lqwhuhvw udwh1
Wdeoh 4 vkrzv lqwhuhvw udwh/ zdjh/ surgxfwlylw| dqg ghew yduldeohv wkdw duh
uhohydqw lq wklv sdshu1 Wkh gdwd duh iru wkh shulrg 4<94 wr 4<<<1 Wkh uhdo lqwhuhvw
udwh lq froxpq 5 lv phdvxuhg e| wkh dyhudjh lqwhuhvw udwh rq X1V1 Wuhdvxu| erqgv
zlwk pdwxulw| ryhu whq |hduv plqxv lq dwlrq dv phdvxuhg e| lqfuhdvhv lq wkh |hduo|
dyhudjh Frqvxphu Sulfh Lqgh{ +FSL0X,1 Wkh uhdo zdjh lv phdvxuhg e| dyhudjh
krxuo| hduqlqjv lq 4<;5 grooduv iru wrwdo sulydwh hpsor|phqw/ qrw vhdvrqdoo| dg0
mxvwhg1 Surgxfwlylw| lv phdvxuhg e| wkh Pdmru Vhfwru Pxowlidfwru Surgxfwlylw|
Lqgh{ iru pdqxidfwxulqj1 Froxpq 8 lv wkh uhdo zdjh iurp froxpq 6 glylghg e| wkh
pxowlidfwru surgxfwlylw| lq froxpq 71 Froxpq 9 vkrzv wkh udwlr ri qdwlrqdo ghew
wr rxwsxw/ phdvxuhg e| wkh Frqjuhvvlrqdo Exgjhw R!fh dv wkh udwlr ri qdwlrqdo
ghew khog e| wkh sxeolf wr Jurvv Grphvwlf Surgxfw1 Wkhuh duh dowhuqdwlyh zd|v
ri phdvxulqj wkhvh yduldeohv/ exw wkh pdmru sdwwhuqv duh xqolnho| wr eh dhfwhg1
Wkh gdwd vkrz vxevwdqwldo fkdqjhv lq idfwru sulfhv ryhu orqj shulrgv ri wlph/
zlwk qr lqglfdwlrq wkdw wkh| duh uhwxuqlqj wr dq hduolhu htxloleulxp ohyho1 Wkh uhdo
lqwhuhvw udwh olhv ehwzhhq wzr dqg wkuhh shufhqw lq wkh uvw kdoi ri wkh 4<93*v/ idoov
ehorz rqh shufhqw +dqg riwhq jrhv qhjdwlyh, iurp 4<:6 wr 4<;3/ ulvhv wr ehwzhhq
yh wr hljkw shufhqw ehwzhhq 4<;5 dqg 4<;:/ dqg idoov edfn wr d udqjh ri wkuhh wr
yh shufhqw iurp 4<;; rq1 Dv wkh uhdo lqwhuhvw udwh idoov/ wkh uhdo zdjh ulvhv iurp
ehorz vhyhq lq 4<94 wr ohyhov deryh hljkw iurp 4<:3 wr 4<:<1 Wkhq dv wkh uhdo
lqwhuhvw udwh ulvhv iurp ehorz rqh shufhqw wr d 4: |hdu shulrg deryh 6 shufhqw/
wkh uhdo zdjh idoov wr d ohyho ehorz ;1 Wkhvh fkdqjhv duh qrw sduw ri exvlqhvv
f|foh vwrulhv ghvfulelqj  xfwxdwlrqv durxqg d orqj uxq htxloleulxp1 Wkh orqj uxq
fkdqjhv lq wkh uhdo lqwhuhvw udwh dqg zdjh udwh frxog srwhqwldoo| eh h{sodlqhg e|
wkh hslvrgh ri lq dwlrq lq wkh 4<93*v dqg 4<:3*v exw rqo| e| dedqgrqlqj ylhzv wkdw
wkh hhfwv ri lq dwlrq rq idfwru sulfhv hqg ohvv wkdq d ghfdgh diwhu vwdelol}dwlrq ri
prqhwdu| jurzwk1 Surgxfwlylw| dovr grhv qrw h{sodlq wkh orqj uxq dqg vxevwdqwldo
fkdqjhv1 Lqfuhdvhv lq surgxfwlylw| vkrxog udlvh erwk wkh uhdo lqwhuhvw udwh dqg wkh
uhdo zdjh1 Krzhyhu/ wkh uhdo zdjh ghfolqhv uhodwlyh wr pxowlidfwru surgxfwlylw|/ dv
v k r z ql qw k hu d w l rl qF r o x p q8 /i u r p4 < : ;r q 1X v hr ir x w s x ws h uk r x ul q v w h d gr i
pxowlidfwru surgxfwlylw| zrxog uhvxow lq hyhq vwhhshu ghfolqhv lq wkh udwlr ri zdjhv
wr surgxfwlylw|1 Lpshuihfwlrqv lq wkh phdvxuhphqw ri surgxfwlylw| fdqqrw eh wkh
h{sodqdwlrq iru wkh revhuyhg orqj uxq ehkdylru ri idfwru sulfhv vlqfh uhdo lqwhuhvw
udwhv dqg uhdo zdjhv pryh lq rssrvlwh gluhfwlrqv1 Rwkhu h{sodqdwlrqv duh srvvleoh
+h1j1/ fdslwdo0vnloo frpsohphqwdulw|, dqg fdqqrw eh uxohg rxw e| wkhvh gdwd1 Wklv
sdshu sursrvhv dq h{sodqdwlrq edvhg rq wkh olqn ehwzhhq wkh pdfurhfrqrplf
6vhfwru dqg plfurhfrqrplf ghwhuplqdwlrq ri idfwru sulfhv1
Wkh vw|ol}hg idfwv frqfhuqlqj orqj uxq uhodwlrqvklsv wr eh dgguhvvhg e| wkh
prgho ghyhorshg khuh duh dv iroorzv1 Ryhu wkh shulrg 4<94 wr 4<<</ wkh uhdo
lqwhuhvw udwh ghfolqhv/ lqfuhdvhv vxevwdqwldoo| dqg wkhq ghfolqhv wr d ohyho juhdwhu
wkdq wkh vwduw ri wkh shulrg1 Wkh uhdo zdjh uhodwlyh wr surgxfwlylw| lv urxjko|
lqyhuvho| uhodwhg wr wkh uhdo lqwhuhvw udwh/ ulvlqj dqg wkhq ghfolqlqj1 Wkhvh sdwwhuqv
rffxu frqwhpsrudqhrxvo| zlwk d ghfolqh lq wkh udwlr ri qdwlrqdo ghew wr rxwsxw
iurp 4<94 wr wkh 4<:3*v/ iroorzhg e| lqfuhdvhv1 Zkloh wkh hhfw ri exgjhw ghflwv
rq wkh lqwhuhvw udwh duh zhoo nqrzq/ wklv sdshu irfxvhv rq wkh udwlr ri qdwlrqdo ghew
wr rxwsxw lq edodqfhg jurzwk dqg lwv hhfwv rq erwk wkh uhdo lqwhuhvw udwh dqg wkh
uhdo zdjh udwh1 Lq wkh prgho wkdw zloo eh ghyhorshg/ edodqfhg jurzwk ri d juhdwhu
qdwlrqdo ghew devruev pruh vdylqjv/ uhgxfhv wkh udwlr ri mrev wr hpsor|phqw dqg
udlvhv wkh udwlr ri xqhpsor|hg wr ydfdqflhv/ zklfk wkhq uhgxfhv wkh uhdo zdjh udwh
dqg udlvhv wkh uhdo lqwhuhvw udwh1
7Wdeoh 4= Idfwru Sulfhv dqg Ghew
45 6 7 8 9
\hdu Uhdo Lqwhuhvw Udwh Uhdo Zdjh Surgxfwlylw| Zdjh2Surgxfwlylw| Ghew2Rxwsxw
4<94 51<3 91;; 9;1< 1<<< 771<
4<95 51<8 :13: :419 1<;: 7619
4<96 51:3 :14: :619 1<:7 7516
4<97 51;8 :166 :81: 1<9; 7313
4<98 5194 :185 ::1: 1<9; 6:1<
4<99 41:8 :195 :;13 1<:: 671;
4<9: 41:8 :1:5 ::18 1<<9 651;
4<9; 4139 :1;< :<1< 1<;: 6616
4<9< 3195 :1<; ;318 1<<4 5<16
4<:3 31;; ;136 :<15 41347 5:1<
4<:4 4167 ;154 ;417 4133< 5;13
4<:5 5176 ;186 ;717 41344 5:17
4<:6 3143 ;188 ;81< 1<<8 5913
4<:7 07135 ;15; ;416 4134; 561;
4<:8 05145 ;145 :;1< 4135< 5816
4<:9 31<; ;157 ;41: 4133< 5:18
4<:: 3189 ;169 ;51< 4133; 5:1;
4<:; 315< ;173 ;619 41338 5:17
4<:< 05189 ;14: ;51: 1<;; 5819
4<;3 0519< :1:; ;416 1<8: 5914
4<;4 518< :19< ;41< 1<6< 581;
4<;5 9136 :19; ;616 1<55 5;19
4<;6 :197 :1:< ;815 1<47 6613
4<;7 :19< :1;3 ;:1; 1;;; 6713
4<;8 :148 :1:: ;<15 1;:4 6917
4<;9 9157 :1;4 <31: 1;94 6<19
4<;: 8136 :1:6 <618 1;5: 7319
4<;; 71;; :19< <815 1;3; 731<
4<;< 61:< :197 <617 1;4; 7318
4<<3 6166 :185 <616 1;39 7513
4<<4 61<9 :178 <517 1;39 7817
4<<5 7185 :174 <713 1:;; 7;15
4<<6 6179 :16< <71< 1::< 7<18
4<<7 71;4 :173 <:16 1:94 7<17
4<<8 7147 :16< <<15 1:78 7<15
4<<9 61;3 :176 43313 1:76 7;18
4<<: 716: :188 43618 1:5< 7913
4<<; 713< :1:8 43916 1:5< 751<
4<<< 61<6 :1;9 43<17 1:4; 6<1:
8Wkh rxwolqh ri wkh sdshu lv dv iroorzv1 Doo yduldeohv lq wkh prgho duh uhdo/
lqfoxglqj wkh zdjh dqg lqwhuhvw udwhv1 Vhfwlrq 5 ghyhorsv Djjuhjdwh Vxsso| iurp
d pdwfklqj prgho ri surgxfwlrq1 Wkh prgho lv uhihuuhg wr dv wkh Ndogru pdwfklqj
prgho wr glvwlqjxlvk lw iurp wkh ruljlqdo Ndogru prgho zlwk xqhtxdo vdylqjv udwhv1
Wkhuh duh wkuhh irupv ri lqfrph= oderu lqfrph iurp zdjhv +soxv wudqvihuv iurp
wkh jryhuqphqw,/ hqwuhsuhqhxuldo lqfrph/ dqg lqwhuhvw iurp hlwkhu rzqhuvkls ri
fdslwdo qhhghg iru surgxfwlrq ru rzqhuvkls ri qdwlrqdo ghew1 Zrunhuv phhw hq0
wuhsuhqhxuv zlwk mrev lq d pdunhw zlwk iulfwlrqv/ zlwk wkh qxpehu ri pdwfkhv
shu shulrg ghwhuplqhg e| d pdwfklqj ixqfwlrq1 Lqglylgxdov zkr hqwhu wkh od0
eru pdunhw fkrrvh ehwzhhq ehlqj zrunhuv dqg ehlqj hqwuhsuhqhxuv rhulqj mrev
wr zrunhuv1 Htxloleulxp vhohfwlrq ri rffxsdwlrq ghwhuplqhv dq lqyhuvh uhodwlrq
ehwzhhq wkh zdjh dqg wkh lqwhuhvw udwh1 Rxwsxw lv ghwhuplqhg e| wkh ohyho ri
hpsor|phqw lq edodqfhg jurzwk htxloleulxp wlphv rxwsxw shu pdwfk1 Vhfwlrq 6
suhvhqwv wkh pdfurhfrqrplf vhfwru/ lqfoxglqj wkh jryhuqphqw/ dqg ghwhuplqdqwv
ri pdfurhfrqrplf htxloleulxp1 Wkh pdmru wkhruhp lv wkdw pdfurhfrqrplf htxl0
oleulxp ghwhuplqhv wkh udwlr ri xqhpsor|hg wr ydfdqflhv1 Vhfwlrq 7 suhvhqwv wkh
plfurhfrqrplf ghwhuplqdwlrq ri wkh zdjh udwh iru d jlyhq lqwhuhvw udwh dqg udwlr
ri xqhpsor|hg wr ydfdqflhv1 Vhfwlrq 8 ghulyhv wkh edodqfhg jurzwk htxloleulxp1
Wkh pdmru uhvxow hvwdeolvkhv wkh hhfwv ri wkh udwlr ri xqhpsor|hg wr ydfdqflhv
+ghwhuplqhg e| pdfurhfrqrplf htxloleulxp, rq wkh zdjh dqg lqwhuhvw udwhv1 Vhf0
wlrq 9 h{whqgv suhylrxv uhvxowv rq h!flhqw ohyhov ri xqhpsor|phqw wr frqvlghu
h!flhqw vhohfwlrq ri rffxsdwlrqv dqg uhodwlrqv dprqj wd{hv dqg xqhpsor|phqw
ehqhwv wkdw |lhog h!flhqw ohyhov ri rxwsxw/ hqwu| lqwr wkh oderu pdunhw/ dqg vh0
ohfwlrq ri rffxsdwlrqv1 Vhfwlrq : suhvhqwv d srvlwlyh dqdo|vlv ri wkh hhfwv rq
idfwru sulfhv ri jryhuqphqw yduldeohv/ lqfoxglqj wkh udwlr ri ghew wr hpsor|phqw/
wd{hv rq glhuhqw w|shv ri lqfrph/ dqg xqhpsor|phqw ehqhwv1 Vhfwlrq ; suhvhqwv
dq dowhuqdwlyh dqdo|vlv ri wkh hhfwv ri pdfurhfrqrplf yduldeohv rq zrunhu dvvhw
ydoxhv +wkh suhvhqw glvfrxqwhg ydoxh ri ehlqj xqhpsor|hg lq wkh oderu pdunhw,1
Zkloh vrph uhvxowv frqfhuqlqj zdjh udwhv duh txdolhg lq Vhfwlrq 7/ dqdo|vlv lq
whupv ri zrunhu dvvhw ydoxhv duh xqdpeljxrxv1 H{whqvlrqv wr wkh prgho duh gh0
vfulehg lq Vhfwlrq </ lqfoxglqj d qhrfodvvlfdo surgxfwlrq ixqfwlrq/ d vdylqjv udwh
wkdw ghshqgv rq wkh lqwhuhvw udwh/ dqg Qdvk edujdlqlqj ghwhuplqdwlrq ri wkh zdjh
udwh1 Vhfwlrq 43 suhvhqwv frqfoxvlrqv1
951 Djjuhjdwh Vxsso|
5141 Surgxfwlrq
Surgxfwlrq dw wkh udwh ri R shu shulrg dulvhv iurp d {hg sursruwlrqv surgxfwlrq
ixqfwlrq zkhq d zrunhu lv pdwfkhg zlwk d mre rhuhg e| dq hqwuhsuhqhxu1 Wkh mre
uhtxluhv & xqlwv ri fdslwdo1 Wkh fdslwdo ghsuhfldwhv dw wkh udwh B zkhq surgxfwlrq
lv wdnlqj sodfh vr wkdw wkh hqwuhsuhqhxu pxvw uhsodfh fdslwdo dw wkh udwh B& dv
surgxfwlrq rffxuv1 Pdwfkhv euhdn xs dw d udwh ri  shu shulrg/ wkh vdph iru
doo pdwfkhv1 Pdwfkhv duh iruphg dw d udwh ghwhuplqhg e| d pdwfklqj ixqfwlrq
ELcT c zkhuh L lv wkh qxpehu ri xqhpsor|hg dqg T lv wkh qxpehu ri ydfdqflhv
lq wkh oderu pdunhw +vhh Slvvdulghv/ 5333/ ss1 90:/ iru d glvfxvvlrq ri wkh pdwfklqj
ixqfwlrq dqg \dvkly/ 5333/ iru hvwlpdwlrqv,1 Wkh pdwfklqj ixqfwlrq lv dvvxphg wr
kdyh frqvwdqw uhwxuqv wr vfdoh lq L dqg T dqg eh dq lqfuhdvlqj/ frqfdyh ixqfwlrq
ri lwv dujxphqwv1 Dv d uhvxow ri wkh dvvxpswlrq ri frqvwdqw uhwxuqv wr vfdoh/ wkh
udwh ri irupdwlrq ri pdwfkhv shu ydfdqf| lv ELcT *T ' EL*Tc Ohw w '
L*T dqg ohw 6Ew' E wc Wkhq wkh udwh dw zklfk xqhpsor|hg zrunhuv jhw
pdwfkhv lv ELcT *L ' 6Ew*w
Ohw u eh wkh wrwdo qxpehu ri lqglylgxdov lq wkh oderu pdunhw/ hlwkhu dv zrunhuv
ru dv hqwuhsuhqhxuv1 Ohw a eh wkh qxpehu ri mrev dqg ohw . eh wkh qxpehu ri
pdwfkhv ehwzhhq zrunhuv dqg mrev1 Dvvxph hdfk hqwuhsuhqhxu fdq pdqdjh a
mrev1 Zlwk wkhvh dvvxpswlrqv/
L ' u  .  a*a +514,
T ' a  .
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Wkh frqglwlrqv uhtxluh wkdw xqhpsor|phqw dqg ydfdqflhv jurz dw wkh edodqfhg
jurzwk udwh ri 4 Lq wkh uvw olqh/ xqhpsor|phqw ghfolqhv e| wkh pdwfk udwh iru
xqhpsor|hg zrunhuv wlphv wkh qxpehu ri xqhpsor|hg dqg lqfuhdvhv e| wkh udwh
ri pdwfk euhdn0xsv dqg edodqfhg jurzwk dgglwlrqv wr wkh oderu irufh vhhnlqj
hpsor|phqw1 Wklv udwh ri fkdqjh htxdov wkh jurzwk udwh wlphv wkh qxpehu ri
:xqhpsor|hg1 Lq wkh vhfrqg olqh/ ydfdqflhv ghfolqh e| wkh pdwfk udwh iru ydfdqflhv
wlphv wkh qxpehu ri ydfdqflhv dqg lqfuhdvhv e| wkh udwh ri pdwfk euhdn0xsv dqg
edodqfhg jurzwk lqfuhdvh lq mrev1 Wklv udwh ri fkdqjh htxdov wkh jurzwk udwh wlphv
wkh qxpehu ri ydfdqflhv1 Lq d edodqfhg jurzwk htxloleulxp/ wkh xqhpsor|phqw
dqg ydfdqf| udwhv ghshqg rq wkh udwh ri jurzwk ri wkh hfrqrp|/ 4c vlqfh qhz
zrunhuv hqwhu dv xqhpsor|hg dqg qhz mrev hqwhu dv ydfdqflhv1 Vroylqj 515 iru a
dqg . lq d edodqfhg jurzwk htxloleulxp |lhogv=
. '
6Ewau
E n waE n 4nE n a 6 E w
+516,
a '
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Dowkrxjk wkhuh lv qr vxevwlwxwlrq dprqj zrunhuv/ hqwuhsuhqhxuv dqg fdslwdo
lq wkh surgxfwlrq ixqfwlrq/ d jlyhq ohyho ri hpsor|phqw . f d qe hd f k l h y h gz l w k
glhuhqw frpelqdwlrqv ri zrunhuv dqg mrev1 Wklv lv srvvleoh ehfdxvh xqhpsor|hg
zrunhuv dqg ydfdqw mrev duh vxevwlwxwhv lq wkh surgxfwlrq ri pdwfkhv wkurxjk wkh
pdwfklqj ixqfwlrq1
5151 Zrunhuv
Zrunhuv pryh edfn dqg iruwk ehwzhhq hpsor|phqw dqg xqhpsor|phqw dffruglqj
wr d wzr0vwdwh Pdunry surfhvv zlwk wudqvlwlrq udwhv 6Ew*w dqg Ohw `L dqg `.
eh wkh dvvhw ydoxhv iru dq xqhpsor|hg dqg dq hpsor|hg zrunhu/ uhvshfwlyho|1 Wkhvh
duh wkh suhvhqw glvfrxqwhg ydoxhv ri ixwxuh ehqhwv ri zrunlqj dqg xqhpsor|phqw1
W k hd v v h wy d o x h vv d w l v i |
o`L 'E   |   K nE 6 E w *wE`T  `L +517,
o`. 'E   |    n  E ` L  ` T 
zkhuh o l vw k hg l v f r x q wu d w h /Klv wkh ohyho ri xqhpsor|phqw ehqhwv/ | lv wkh wd{
udwh iru zdjhv dqg xqhpsor|phqw ehqhwv/ dqg  l vw k hz d j hu d w h 1W k hg l v f r x q w
udwh lv dvvxphg wr eh wkh vdph iru doo zrunhuv dqg hqwuhsuhqhxuv dqg htxdo wr wkh





E  |K n
6Ew*w
 n o n 6Ew*w
E  | +518,
Wkh  rz ri dvvhw ydoxh o`L lv wkhuhiruh d zhljkwhg dyhudjh ri wkh ehqhwv zkloh
xqhpsor|hg dqg hpsor|hg/ zlwk wkh zhljkwv glhulqj iurp wkh xqhpsor|phqw
;dqg hpsor|phqw udwhv ehfdxvh hpsor|phqw lv glvfrxqwhg iurp wkh ixwxuh iru dq
xqhpsor|hg zrunhu +Vdwwlqjhu/ 4<;8/ ss1 44045,1
5161 Hqwuhsuhqhxuv dqg Mrev
Mrev pryh ehwzhhq ehlqj ydfdqw dqg ehlqj oohg dffruglqj wr d wzr0vwdwh Pdunry
surfhvv zlwk wudqvlwlrq udwhv 6Ew dqg  Ohw `T dqg `8 eh wkh dvvhw ydoxhv iru
d ydfdqw dqg oohg mre/ uhvshfwlyho|1 Wkh dvvhw ydoxhv vdwlvi|
o`T ' E  |Ro& n6EwE`8  `T +519,
o`8 'E   | R ER    B& o&nE ` T ` 8
zkhuh |R lv wkh wd{ udwh rq hqwuhsuhqhxuldo surwv1 Wkh hqwuhsuhqhxu sd|v lqwhuhvw
rq wkh fdslwdo & zkhq wkh mre lv ydfdqw exw uhfhlyhv d wd{ ehqhw iurp wkh orvv1
Zkhq oohg/ d mre jhqhudwhv hqwuhsuhqhxuldo surwv dw d udwh htxdo wr wkh udwh
ri surgxfwlrq Rc plqxv wkh zdjh udwh / plqxv ghsuhfldwlrq B&c plqxv lqwhuhvw
sd|phqwv o& Dv d plqlpxp uhtxluhphqw iru pdwfkhv wr rffxu/ rxwsxw lv dvvxphg
wr fryhu ghsuhfldwlrq/ lqwhuhvw sd|phqwv/ dqg wkh plqlpxp zdjh qhfhvvdu| wr
h{fhhg xqhpsor|phqw ehqhwv=
R  B& o& K  f +51:,




E  |RER    B&E  |Ro& +51;,
5171 Vxsso| ri Zrunhuv dqg Hqwuhsuhqhxuv
Lqglylgxdov lq wkh oderu pdunhw duh dvvxphg wr fkrrvh ehwzhhq ehlqj zrunhuv ru
hqwuhsuhqhxuv dffruglqj wr zklfk |lhogv wkh juhdwhu dvvhw ydoxh/ `L ru `T ac
zkhuh a lv wkh qxpehu ri mrev dq hqwuhsuhqhxu fdq vxshuylvh1 Wkh frqglwlrq iru
lqglylgxdov* htxloleulxp vhohfwlrq ehwzhhq ehlqj zrunhuv ru hqwuhsuhqhxuv lv wkdw
wkh| vkrxog eh lqglhuhqw ehwzhhq wkh wzr dfwlylwlhv=
`L ' `T a +51<,
Wklv zloo eh uhihuuhg wr dv wkh Htxloleulxp Vhohfwlrq Frqglwlrq1 Wklv frqglwlrq
fdq eh vroyhg iru wkh zdjh udwh dw zklfk lw lv vdwlvhg=
< '
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+5144,
Wkh qxpehu ri lqglylgxdov lq wkh oderu pdunhw/ hlwkhu dv zrunhuv ru hqwuhsuh0
q h x u v /l vd v v x p h gw re hd ql q f u h d v l q ji x q f w l r qr iw k h r zr id v v h wy d o x ho`L
E| 51</ wklv lv wkh vdph ydoxh zkhwkhu d shuvrq lv vhhnlqj hpsor|phqw ru lv dq
hqwuhsuhqhxu1 Vxssrvh wkh qxpehu ri lqglylgxdov lq wkh oderu pdunhw/ uc lv jlyhq
e|
u 'E u f
4|Eo`L
k +5145,
zkhuh 4 lv wkh udwh ri jurzwk ri wkh srsxodwlrq/ | lv wlph/ dqg k lv d sdudphwhu
ehwzhhq }hur dqg rqh1 +Wkh ixqfwlrqdo irup ri wkh oderu vxsso| ixqfwlrq lq 5145
sod|v qr uroh lq wkh ghwhuplqdwlrq ri wkh htxloleulxp ydoxhv ri wc  dqg oc dv
zloo eh vhhq lq iroorzlqj vhfwlrqv1, Iru d frqvwdqw ydoxh ri o`Lc wkh qxpehu ri
l q g l y l g x d o vl qw k ho d e r up d u n h wz l o oj u r zd ww k hu d w h4shu shulrg1
5181 Zdjh dqg Lqwhuhvw Udwhv Vdwlvi|lqj wkh Htxloleulxp Vhohfwlrq Frq0
glwlrq
Djjuhjdwh vxsso|/ 7c lv jlyhq e| surgxfwlrq/ .RIru d jlyhq udwlr ri xqhpsor|hg
wr ydfdqflhv/ w +wr eh ghwhuplqhg iurp pdfurhfrqrplf htxloleulxp,/ glhuhqw
frpelqdwlrqv ri zdjh dqg lqwhuhvw udwhv zloo vdwlvi| wkh htxloleulxp frqglwlrq iru
vhohfwlrq ehwzhhq zrunhuv dqg hqwuhsuhqhxuv lq 51<1 Wkh uhodwlrqvkls ehwzhhq wkh
zdjh udwh dqg wkh lqwhuhvw udwh vdwlvi|lqj wkh Htxloleulxp Vhohfwlrq Frqglwlrq lq
51< iru d jlyhq ydoxh ri w duh vkrzq lq Iljxuh 514/ xvlqj d sduwlfxodu pdwfklqj
ixqfwlrq dqg sdudphwhu ydoxhv15 D kljkhu lqwhuhvw udwh/ zklfk e| lwvhoi glvsur0
sruwlrqdwho| orzhuv `T uhodwlyh wr `Lc pxvw eh dffrpsdqlhg e| d orzhu zdjh
udwh vr wkdw `L frqwlqxhv wr htxdo `T a Wkh glhuhqw frpelqdwlrqv ri o dqg
 vdwlvi|lqj 51< |lhog glhuhqw ohyhov ri o`L
5Iljxuh 514 dvvxphv wkdw s @4 >n@5 >@= 35>@= 36>e@= 45>Q M@7 >dqg wz @ ws @ =4=
Wkh jxuh ixuwkhu dvvxphv wkdw wkh pdwfklqj ixqfwlrq lv jlyhq e| p+,@@+4 . , dqg wkdw
pdfurhfrqrplf htxloleulxp +wr eh glvfxvvhg lq wkh iroorzlqj vhfwlrq, ghwhuplqhv  @4 =Wklv
pdwfklqj ixqfwlrq lv edvhg rq P+X>Y ,@XY@+X . Y,> zklfk lv d Frqvwdqw Hodvwlflw| ri
Vxevwlwxwlrq ixqfwlrq zlwk hodvwlflw| ri vxevwlwxwlrq htxdo wr rqh0kdoi1











Iljxuh 514= Htxloleulxp Vhohfwlrq Frqglwlrq
Wr wklv srlqw/ dvvxpswlrqv kdyh qrw ehhq pdgh wkdw frpsohwho| ghwhuplqh
idfwru sd|phqwv  dqg o Wkrvh dvvxpswlrqv zloo eh lqwurgxfhg lq Vhfwlrq 7 rq
zdjh dgmxvwphqw dqg zloo olplw wkh frpelqdwlrqv ri  dqg o wkdw zloo eh revhuyhg
lq htxloleulxp1 Wkh qh{w vhfwlrq frqvlghuv pdfurhfrqrplf htxloleulxp dqg wkh
ghwhuplqdwlrq ri wkh udwlr ri xqhpsor|hg wr ydfdqflhv/ w1
61 Pdfurhfrqrplf Htxloleulxp
6141 Jryhuqphqw
Wkh jryhuqphqw wd{hv oderu lqfrph/ hqwuhsuhqhxuldo lqfrph dqg lqwhuhvw lqfrph
dw srwhqwldoo| glhuhqw wd{ udwhv/ sd|v lqwhuhvw dw wkh udwh o rq wkh qdwlrqdo ghew/
h{sdqgv wkh qdwlrqdo ghew dw wkh edodqfhg jurzwk udwh 4c s h u k d s vu x q vdg h  f l w
ru vxusoxv eh|rqg wkh edodqfhg jurzwk h{sdqvlrq/ dqg glvwulexwhv wkh uhvlgxdo
lq wkh irup ri wudqvihuv wr lqglylgxdov lq wkh hfrqrp|1 Wkh jryhuqphqw*v exgjhw
frqvwudlqw fdq wkhuhiruh eh h{suhvvhg dv
A n 4( ' o( n n- nKL +614,
zkhuh A lv wkh dprxqw ri wd{hv froohfwhg/ ( lv wkh qdwlrqdo ghew/  lv wkh exgjhw
ghflw ru vxusoxv qhw ri edodqfhg jurzwk fkdqjhv/ - lv wkh ohyho ri wudqvihuv/
44dqg KL lv wkh dprxqw sdlg rxw lq xqhpsor|phqw ehqhwv1 Lq d edodqfhg jurzwk
htxloleulxp/  'f 
Oderu lqfrph frqvlvwv ri zdjhv/ .c soxv wudqvihuv/ -c soxv xqhpsor|phqw
ehqhwv/ KLc zklfk duh wd{hg dw wkh vdph udwh |1 Hqwuhsuhqhxuldo lqfrph lv
.ER    B&ao&c z k l f kl vr x w s x wq h wr iz d j h vd q gg h s u h f l d w l r qz k h qdm r e
lv oohg plqxv wkh lqwhuhvw frvw ri fdslwdo lqfxuuhg zkhwkhu wkh mre lv oohg ru
ydfdqw1 Hqwuhsuhqhxuldo lqfrph lv wd{hg dw wkh udwh |R Lqwhuhvw lqfrph lv jlyhq
e| ao&no( dqg lv wd{hg dw wkh udwh |o Wrwdo wd{hv lq wkh hfrqrp| duh jlyhq e|
A ' |E.n-nKLn| RE .E RB&ao&n| oE ao&no( +615,
Uhduudqjlqj 614 dvvxplqj  'f|lhogv
- ' A nE 4o (KL +616,
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+617,
Zkhq wklv h{suhvvlrq lv xvhg iru - lq djjuhjdwh ghpdqg/ wkh jryhuqphqw exgjhw
frqvwudlqw lv dxwrpdwlfdoo| vdwlvhg1
6151 Djjuhjdwh Ghpdqg
Dvvxph wkdw wkh vdylqjv udwh rxw ri diwhu0wd{ lqfrph lv d frqvwdqw rc lqghshqghqw
ri wkh lqwhuhvw udwh o Wkh lpsolfdwlrqv ri d vdylqjv udwh wkdw ghshqgv rq wkh
lqwhuhvw udwh zloo eh glvfxvvhg odwhu1 Wkh vdylqjv udwh lv dvvxphg wr eh wkh vdph
iru doo ohyhov ri lqfrph dqg doo w|shv ri lqfrph/ xqolnh Ndogru*v ruljlqdo prgho1
Lqfrph t lv wkh vxp ri oderu/ hqwuhsuhqhxuldo dqg lqwhuhvw lqfrph=
t ' .nKL n - n .ER    B&ao&nao&no( +618,
Djjuhjdwh Ghpdqg/ (c lv wkhq wkh sursruwlrq ri diwhu0wd{ lqfrph wkdw lv qrw
vdyhg/ ErEt Ac soxv ghsuhfldwlrq/ .B&c soxv lqyhvwphqw qhhghg iru edodqfhg
jurzwk/ 4a& G
( 'E r Et  An.B& n4a& +619,
Vxevwlwxwlqj - iurp 617/ t iurp 618 dqg A iurp 615 |lhogv=
( ' .EE  rR n rB&n4 E a&nE r  ( +61:,
456161 Htxloleulxp
Djjuhjdwh vxsso| plqxv djjuhjdwh ghpdqg fdq eh irxqg e| vxewudfwlqj ( iurp
.R G
7  ( ' .RE  rEt  A  .B& 4a& +61;,
' .rERB&4a&  4(E  r
Wkh qrwdeoh ihdwxuh ri wklv h{suhvvlrq iru 7( lv wkdw oc Kc |c| Rdqg |o gr qrw
gluhfwo| dsshdu1 Wklv rffxuv ehfdxvh wudqvihuv - duh wkh uhvlgxdo ri jryhuqphqw
uhyhqxhv qhw ri xqhpsor|phqw ehqhwv dqg wkh vdylqjv udwh r lv wkh vdph iru doo
lqfrph w|shv1 Wkh yduldeohv wkhq uhglvwulexwh surgxfwlrq dprqj lqfrph w|shv/
doo ri zklfk kdyh wkh vdph vdylqjv udwh/ zlwkrxw dhfwlqj wkh glhuhqfh ehwzhhq
djjuhjdwh vxsso| dqg djjuhjdwh ghpdqg1 Wkh yduldeohv pd| dhfw `L dqg uc exw
.c a dqg ( zloo doo eh sursruwlrqdo wr u lq edodqfhg jurzwk/ vr wkdw .c a dqg (
duh vx!flhqw wr ghwhuplqh 7  (
Lq pdfurhfrqrplf htxloleulxp/ Djjuhjdwh Vxsso| htxdov Djjuhjdwh Ghpdqg/
vr 7  ( 'f Wklv frqglwlrq fdq dovr eh ylhzhg dv vwdwlqj wkdw lq edodqfhg
jurzwk pdfurhfrqrplf htxloleulxp/ qdwlrqdo vdylqjv/ .rER  B&  (E  rc
htxdov lqyhvwphqw/ 4a& Vhwwlqj 7 ( htxdo wr }hur dqg glylglqj e| . |lhogv












Htxdolw| ehwzhhq 7 dqg ( ghwhuplqhv a*. ehfdxvh qdwlrqdo vdylqjv +iru d
jlyhq udwlr ri qdwlrqdo ghew wr hpsor|phqw, ghshqgv rq . zkloh lqyhvwphqw lq
edodqfhg jurzwk ghshqgv rq a Wkh udwlr a*. pxvw h{fhhg rqh iru ydfdqflhv wr
eh srvlwlyh1 Iru wklv wr rffxu lq d edodqfhg jurzwk htxloleulxp/ wkh iroorzlqj










Wkh iroorzlqj ohppd lv d gluhfw uhvxow ri 61<=
Ohppd 6141 Frpsdulqj dowhuqdwlyh edodqfhg jurzwk htxloleuld lq wkh Ndogru
pdwfklqj prgho/ dqg dvvxplqj wkh jryhuqphqw ghew frqvwudlqw krogv/ wkh udwlr
ri mrev wr hpsor|phqw zloo eh juhdwhu iru juhdwhu ydoxhv ri r dqg Rc dqg zloo eh
vpdoohu iru juhdwhu ydoxhv ri 4c Bc &c dqg (*.
46Qrz frqvlghu wkh uhodwlrq ehwzhhq wkh udwlr ri mrev wr hpsor|phqw/ a*.c dqg
w/ wkh udwlr ri xqhpsor|hg wr ydfdqflhv1 Glylgh wkh vhfrqg htxdolw| ri 515 e| .







Vlqfh 6Ew lv dq lqfuhdvlqj ixqfwlrq ri w/w k hi r o o r z l q jo h p p dk r o g v =
Ohppd 6151 Wkh udwlr ri mrev wr hpsor|phqw/ a*.c lv d ghfuhdvlqj ixqfwlrq ri
wkh udwlr ri xqhpsor|hg wr ydfdqflhv/ w1
Frpelqlqj Ohppdv 614 dqg 615 |lhogv wkh iroorzlqj wkhruhp1
Wkhruhp 6161 Lq wkh Ndogru pdwfklqj prgho/ wkh udwlr ri xqhpsor|phqw wr
ydfdqflhv/ w/ lv ghwhuplqhg lq d edodqfhg jurzwk htxloleulxp e| wkh frqglwlrq
wkdw Djjuhjdwh Ghpdqg htxdo Djjuhjdwh Vxsso|1 Zlwk wkh jryhuqphqw ghew
frqvwudlqw kroglqj/ wkh udwlr w lv juhdwhu iru juhdwhu ydoxhv ri 4c Bc &c dqg (*.
dqg vpdoohu iru juhdwhu ydoxhv ri r dqg R
Lq wkh ruljlqdo Ndogru prgho/ sdudphwhuv wkdw udlvh lqyhvwphqw lqfuhdvh wkh
sursruwlrq ri lqfrph jrlqj wr surwv/ rxw ri zklfk wkh vdylqjv udwh lv juhdwhu1
Dovr lq wkdw prgho/ sdudphwhuv wkdw udlvh vdylqjv uhgxfh wkh sursruwlrq ri lqfrph
jrlqj wr surwv1 E| frpsdulvrq/ lq wklv prgho/ wkh sdudphwhuv 4c Bc dqg & udlvh
lqyhvwphqw dqg wkhuhiruh uhtxluh d orzhu ydoxh ri a*. dqg d kljkhu udwlr w1K l j k h u
ydoxhv ri r dqg R u d l v hv d y l q j vd q gk d y hr s s r v l w hh  h f w vr qa*. dqg w1
Dowkrxjk g|qdplfv zloo eh ghihuuhg wr d odwhu sdshu/ dq lpsruwdqw txhvwlrq
frqfhuqv zkhwkhu wkhuh lv d phfkdqlvp wkdw eulqjv derxw pdfurhfrqrplf htxl0
oleulxp1 Vshflfdoo|/ zkdw fdxvhv wkh udwlrv a*. dqg w wr fkdqjh vr wkdw 61< lv
vdwlvhgB Iru d jlyhq ydoxh ri (*.c lqfuhdvhv ru ghfuhdvhv lq u zloo qrw eulqj
derxw pdfurhfrqrplf htxloleulxp1 D fkdqjh lq u zrxog dowhu a dqg . lq wkh
vdph sursruwlrq/ ohdylqj w dqg 7  ( xqdhfwhg1 Krzhyhu/ li 7 : (c
wkh qxpehu ri mrev frxog lqfuhdvh uhodwlyh wr wkh ohyho ri hpsor|phqw lq uhvsrqvh
wr d idoo lq wkh lqwhuhvw udwh wkdw udlvhg `T uhodwlyh wr `L Vlqfh 7  ( lv
hvvhqwldoo| qdwlrqdo vdylqjv plqxv lqyhvwphqw/ wkh idoo lq wkh lqwhuhvw udwh lv d
uhvsrqvh frqvlvwhqw zlwk wkh pdunhw iru ordqdeoh ixqgv1 Hyhq wkrxjk wkh dgmxvw0
phqw phfkdqlvp uholhv rq fkdqjhv lq wkh lqwhuhvw udwh/ wkh frqglwlrq 7 ' (
lq 61< lv frqvlvwhqw zlwk glhuhqw ydoxhv ri o exw rqo| vlqjoh ydoxhv ri a*. dqg
w1 Lqwhuhvw udwh fkdqjhv wkhuhiruh surylgh d phfkdqlvp wkdw hqvxuhv vdwlvidfwlrq
ri pdfurhfrqrplf htxloleulxp zlwkrxw uhvwulfwlqj wkh lqwhuhvw udwh wkdw rffxuv lq
htxloleulxp1 Ghwhuplqdwlrq ri wkh frpelqdwlrq ri zdjh dqg lqwhuhvw udwh wkdw zloo
dulvh lq htxloleulxp zloo eh frqvlghuhg lq wkh iroorzlqj vhfwlrq1
4771 Zdjh Dgmxvwphqw
D vwdqgdug dvvxpswlrq lq wkh olwhudwxuh uhjduglqj idfwru sulfh ghwhuplqdwlrq lq
pdwfklqj dqg vhdufk prghov lv Qdvk Edujdlqlqj +Slvvdulghv/ 5333/ ss1 4804;,1
Edvhg rq pdunhw rxwfrphv/ zrunhuv dqg hqwuhsuhqhxuv rswlpdoo| fkrrvh uhvhu0
ydwlrq zdjhv dqg surwv1 Wkh vxusoxv iurp d pdwfk/ jlyhq e| wkh glhuhqfh
ehwzhhq surgxfwlrq dqg wkh vxp ri wkh uhvhuydwlrq zdjh ri wkh zrunhu dqg wkh
uhvhuydwlrq surw ri wkh hqwuhsuhqhxu/ lv wkhq glylghg ehwzhhq wkh zrunhu dqg wkh
hqwuhsuhqhxu/ zlwk d sursruwlrq q jrlqj wr wkh zrunhu1 Lq wkh Pdunry surfhvvhv
dulvlqj lq wkh Ndogru pdwfklqj prgho/ wkh uhvhuydwlrq ydoxhv iru wkh zrunhu dqg
hqwuhsuhqhxu duh jlyhq e| o`L dqg o`Tc uhvshfwlyho|1 Dowkrxjk wkh Qdvk Edu0
jdlqlqj dvvxpswlrq frxog eh dssolhg khuh/ lw grhv qrw qhfhvvdulo| uhvxow lq h!flhqw
wudgh0rv ehwzhhq zrunhuv dqg hqwuhsuhqhxuv1
Lqvwhdg ri edujdlqlqj ehwzhhq zrunhuv dqg hqwuhsuhqhxuv/ wkh zdjh phfkd0
qlvp ghyhorshg lq Vdwwlqjhu +4<<3, zloo eh dvvxphg1 Hqwuhsuhqhxuv dqqrxqfh
wkhlu zdjhv sulru wr d pdwfk vr wkdw qr edujdlqlqj rffxuv +wklv lv vrphwlphv gh0
vfulehg dv zdjh srvwlqj,1 E| rhulqj d kljkhu zdjh/ hqwuhsuhqhxuv fdq dwwudfw
d kljkhu qxpehu ri dssolfdqwv shu shulrg/ wkhuhe| orzhulqj wkh wlph lw wdnhv wr
oo d ydfdqf|1 Lq uhvsrqvh wr d kljkhu zdjh zlwk dq hqwuhsuhqhxu/ wkh qxpehu ri
dssolfdqwv shu shulrg ulvhv xqwlo wkh ydoxh ri vhhnlqj hpsor|phqw zlwk wkh hqwuh0
suhqhxu htxdov wkh ydoxh ri vhhnlqj hpsor|phqw hovhzkhuh lq wkh oderu pdunhw1
Zlwk wklv dgmxvwphqw lq wkh qxpehu ri dssolfdqwv dv d frqvwudlqw rq wkh fkrlfh ri
zdjh/ wkh hqwuhsuhqhxu pd{lpl}hv lwv dvvhw ydoxh `T zlwk uhvshfw wr wkh zdjh1 Lq
htxloleulxp/ wkh rswlpdo zdjh iru dq hqwuhsuhqhxu htxdov wkh zdjh suhydlolqj lq
wkh pdunhw/ dqg wkh qxpehu ri dssolfdqwv shu shulrg iru d ydfdqf| htxdov wkh udwlr
ri xqhpsor|hg wr ydfdqflhv lq wkh oderu pdunhw/ w1 Wkh pd{lpl}dwlrq sureohp ri
wkh hqwuhsuhqhxu hqvxuhv wkdw wkh hqwuhsuhqhxu dqg zrunhu kdyh wkh vdph wudgh0
rv ehwzhhq wkh zdjh/ c dqg wkh udwlr ri xqhpsor|hg wr ydfdqflhv/ w1W k l vl vd
qhfhvvdu| frqglwlrq iru h!flhqf| dqg holplqdwhv vhdufk frqjhvwlrq lq wkh prgho
ghyhorshg e| Vdwwlqjhu +4<<3,1
Dsso|lqj wklv dssurdfk lq wkh Ndogru pdwfklqj prgho/ wkh zrunhu dvvhw ydoxh
`L rhuhg e| d sduwlfxodu hqwuhsuhqhxu fdq eh irxqg iurp 518 dv d ixqfwlrq
ri wkh hqwuhsuhqhxu*v zdjh dqg wkh qxpehu ri dssolfdqwv shu shulrg +zklfk lv
wkh hqwuhsuhqhxu*v ydoxh ri w,1 Vhwwlqj wkh hqwuhsuhqhxu*v ydoxh ri `L htxdo
wr wkh ydoxh lq wkh uhvw ri wkh oderu pdunhw/ wkh hqwuhsuhqhxu*v ydoxh ri w fdq
eh h{suhvvhg dv d ixqfwlrq ri wkh hqwuhsuhqhxu*v zdjh/ wkh pdunhw zdjh/ dqg
wkh pdunhw ydoxh ri w1 Wklv ixqfwlrq iru wkh hqwuhsuhqhxu*v ydoxh ri w lv wkhq
48vxevwlwxwhg lqwr wkh h{suhvvlrq iru wkh hqwuhsuhqhxu*v dvvhw ydoxh `T lq 51;1 Wkh
rswlpdo hqwuhsuhqhxu zdjh/ dv d ixqfwlrq ri wkh pdunhw zdjh dqg wkh pdunhw
ydoxh ri w/ lv rewdlqhg e| glhuhqwldwlqj wklv h{suhvvlrq iru `T +lqfrusrudwlqj wkh
uhvsrqvh ri wkh hqwuhsuhqhxu*v ydoxh ri w, zlwk uhvshfw wr wkh hqwuhsuhqhxu*v zdjh1
Htxloleulxp rffxuv zkhq wklv ghulydwlyh htxdov }hur zlwk wkh hqwuhsuhqhxu zdjh
htxdo wr wkh pdunhw zdjh1 Wklv frqglwlrq fdq wkhq eh vroyhg iru wkh zdjh dv d
ixqfwlrq ri wkh pdunhw ydoxh ri w/ wkh lqwhuhvw udwh/ dqg sdudphwhuv ri wkh prgho1
Wklv |lhogv d vroxwlrq zkhuh wkh hqwuhsuhqhxu*v dvvhw ydoxh `T lv wdqjhqw wr wkh
zrunhu*v dvvhw ydoxh `L lq d judsk ri zdjh yhuvxv w1 Dq dowhuqdwlyh ghulydwlrq
h{sorlwv wklv ihdwxuh ri wkh vroxwlrq e| ghulylqj wkh zrunhu*v dqg hqwuhsuhqhxu*v
pdujlqdo udwhv ri vxevwlwxwlrq ehwzhhq wkh zdjh dqg w/ vhwwlqj wkhp htxdo/ dqg
vroylqj iru wkh zdjh1 Dsso|lqj wklv surfhgxuh lq wkh Ndogru pdwfklqj prgho
|lhogv
 '
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Wklv zloo eh uhihuuhg wr dv wkh Hqwuhsuhqhxu Rswlpl}dwlrq Frqglwlrq1
81 Edodqfhg Jurzwk Htxloleulxp
Zlwk zdjh dgmxvwphqw ghwhuplqhg e| 714/ wkh edodqfhg jurzwk htxloleulxp fdq
eh irxqg1 Wkh vroxwlrq wdnhv wkh iroorzlqj vwhsv1
 Pdfurhfrqrplf htxloleulxp ghwhuplqhv a*. lq 61<1
 Edodqfhg jurzwk  rzv ehwzhhq xqhpsor|hg dqg hpsor|hg iru zrunhuv dqg
ehwzhhq oohg dqg ydfdqw iru mrev lq 515 ghwhuplqh w1
 Wkh Htxloleulxp Vhohfwlrq Frqglwlrq lq 51< ghwhuplqhv wkh zdjh udwh dv
di x q f w l r qr iodqg w vxfk wkdw lqglylgxdov duh lqglhuhqw ehwzhhq ehlqj
zrunhuv dqg ehlqj hqwuhsuhqhxuv1
 Vhwwlqj wkh ixqfwlrq iru wkh zdjh udwh lq wkh suhylrxv vwhs htxdo wr wkh zdjh
udwh lq 714 iurp wkh Hqwuhsuhqhxu Rswlpl}dwlrq Frqglwlrq ghwhuplqhv wkh
lqwhuhvw udwh/ jlyhq w dv ghwhuplqhg iurp pdfurhfrqrplf htxloleulxp1
 Zlwk wkh lqwhuhvw udwh dqg w ghwhuplqhg/ wkh zdjh fdq eh irxqg iurp 7141
 Zlwk oc  dqg w ghwhuplqhg/ wkh dvvhw ydoxhv fdq eh fdofxodwhg dqg oderu
vxsso| u fdq eh irxqg iurp 51451













Iljxuh 814= Ghwhuplqdwlrq ri Zdjh dqg Lqwhuhvw Udwh
 Wkh ohyhov ri a dqg . fdq eh irxqg iurp 515 dorqj zlwk wkh xqhpsor|phqw
dqg ydfdqf| udwhv1
Wkh uhodwlrq ehwzhhq sdudphwhuv ri wkh prgho lq Wkhruhp 616 dqg wkh zdjh
dqg lqwhuhvw udwh fdq eh irxqg e| frqvlghulqj wkh ghwhuplqdwlrq ri  dqg o jlyhq
wkh ydoxh ri w iurp pdfurhfrqrplf htxloleulxp1 Iljxuh 814 vkrzv wkh wzr uhodwlrqv
ehwzhhq wkh zdjh dqg wkh lqwhuhvw udwh ghwhuplqhg e| wkh Htxloleulxp Vhohfwlrq
Frqglwlrq lq 51< dqg e| wkh Hqwuhsuhqhxu Rswlpl}dwlrq Frqglwlrq lq 714 iru d
jlyhq ydoxh ri wc xvlqj wkh vdph dvvxpswlrqv dv iru Iljxuh 5141 Zkloh wkh lqwhuhvw
udwh zloo eh vkrzq lq wklv vhfwlrq wr eh xqdpeljxrxvo| juhdwhu iru kljkhu ydoxhv
ri w/ wkh hhfwv ri w rq  uhtxluh txdolfdwlrq1
Wkh hhfwv ri w rq wkh lqwhuhvw udwh fdq eh irxqg e| lqfrusrudwlqj wkh Hqwuhsuh0
qhxu Rswlpl}dwlrq Frqglwlrq lqwr wkh Htxloleulxp Vhohfwlrq Frqglwlrq1 Frqvlghu
wkh udwlr ri dvvhw ydoxhv/ `L*`T Zlwk wkh zdjh ghwhuplqhg e| wkh Hqwuhsuhqhxu
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zkhuh 6Ew'_6Ew*_w Lq wklv h{suhvvlrq/ RB&Ko& pxvw eh srvlwlyh iurp
51:1 Dovr/ wkh dprxqwv 6Ew dqg 6Eww6Ew duh wkh pdujlqdo frqwulexwlrqv wr














Iljxuh 815= Hhfw ri w rq Lqwhuhvw Udwh
wkh qxpehu ri pdwfkhv ri dq xqhpsor|hg zrunhu dqg d ydfdqw mre/ uhvshfwlyho|/
dqg duh erwk srvlwlyh16 Wkhq dq lqfuhdvh lq wkh lqwhuhvw udwh udlvhv wkh qxphudwru
dqg uhgxfhv wkh ghqrplqdwru/ vr wkdw wkh udwlr lv dq lqfuhdvlqj ixqfwlrq ri wkh
lqwhuhvw udwh1 Htxloleulxp rffxuv zkhq wkh udwlr `L*`T htxdov ac wkh udwlr
frqvlvwhqw zlwk wkh Htxloleulxp Vhohfwlrq Frqglwlrq1
H{lvwhqfh ri htxloleulxp fdq eh hvwdeolvkhg dv iroorzv1 Dw vrph srvlwlyh lqwhu0
hvw udwh/ wkh ghqrplqdwru lv }hur1 Iru lqwhuhvw udwhv ehwzhhq }hur dqg wklv lqwhuhvw
udwh/ wkh udwlr `L*`T lv dq lqfuhdvlqj ixqfwlrq ri wkh lqwhuhvw udwh1 Dovr/ wkh ud0
wlr `L*`T lqfuhdvhv lqghqlwho| dv wkh lqwhuhvw udwh dssurdfkhv +iurp ehorz, wkh
lqwhuhvw udwh dw zklfk wkh ghqrplqdwru lv }hur1 D vroxwlrq h{lvwv li/ dw o 'f cwkh
udwlr `L*`T lv ohvv wkdq a Iljxuh 815 vkrzv wkh ghwhuplqdwlrq ri wkh lqwhuhvw
udwh xvlqj wkh vdph dvvxpswlrqv dv iru Iljxuh 514 Htxloleulxp rffxuv zkhuh wkh
udwlr `L*`T furvvhv wkh krul}rqwdo olqh dw a
Qrz frqvlghu krz wkh fxuyh vkliwv zkhq w lqfuhdvhv1 Iurp dvvxpswlrqv derxw
wkh pdwfklqj ixqfwlrq/ 6Ew lv d ghfuhdvlqj ixqfwlrq ri w dqg 6Ew  w6Ew
6Vlqfh P+X>Y , kdv frqvwdqw uhwxuqv wr vfdoh/ P+X>Y , htxdov XCP@CX .YCP@ CY= E|
dvvxpswlrq/ CP@CX dqg CP@CY duh srvlwlyh dqg krprjhqhrxv ri ghjuhh }hur1 Wkhq CP@CX @
CP+>4,@C @ p3+, A 3 dqg CP@CY @ P+X>Y ,@Y  +X@Y,CP@CX @ p+,p3+,=















Iljxuh 816= Hhfw ri w rq Zdjh Udwh
lv dq lqfuhdvlqj ixqfwlrq ri w1 Wkh ghqrplqdwru lv dq lqfuhdvlqj ixqfwlrq ri w1
Iru vx!flhqwo| vpdoo Kc wkh qxphudwru zloo dovr eh d ghfuhdvlqj ixqfwlrq ri w1
+Wkh srvvlelolw| wkdw wkh qxphudwru lv dq lqfuhdvlqj ixqfwlrq ri w dulvhv ehfdxvh
d kljkhu udwlr ri xqhpsor|hg wr ydfdqflhv udlvhv wkh sursruwlrq ri wlph d zrunhu
vshqgv froohfwlqj xqhpsor|phqw ehqhwv1, Lq jhqhudo/ krzhyhu/ d kljkhu udwlr ri
xqhpsor|hg zrunhuv wr ydfdqflhv pdnhv zrunhuv zruvh r dqg hqwuhsuhqhxuv ehwwhu
r/ vkliwlqj wkh `L*`T fxuyh grzqzdug/ vr wkdw wkh htxloleulxp lqwhuhvw udwh
lqfuhdvhv1 Wklv lqfuhdvh lq wkh lqwhuhvw udwh iurp d kljkhu ydoxh ri w lv looxvwudwhg
lq Iljxuh 8151 Frpelqlqj wkhvh uhvxowv zlwk Wkhruhp 616 |lhogv wkh iroorzlqj1
Wkhruhp 8141 Lq wkh Ndogru pdwfklqj prgho zlwk wkh jryhuqphqw ghew frq0
vwudlqw kroglqj dqg iru vx!flhqwo| vpdoo Kc d kljkhu ydoxh ri w +iurp juhdwhu ydoxhv
ri 4c Bc & ru orzhu ydoxhv ri r dqg R |lhogv d kljkhu lqwhuhvw udwh1
Qh{w/ frqvlghu wkh hhfwv ri w rq wkh zdjh udwh1 Zkhq w lqfuhdvhv/ wkh fxuyh
uhodwlqj wkh zdjh dqg lqwhuhvw udwh iurp wkh Hqwuhsuhqhxu Rswlpl}dwlrq Frqgl0
wlrq vkliwv grzq zkloh wkh fxuyh iurp wkh Htxloleulxp Vhohfwlrq Frqglwlrq vkliwv
xs/ dv looxvwudwhg lq Iljxuh 8161 Wkh vorsh ri wkh fxuyh iurp wkh Hqwuhsuhqhxu
Rswlpl}dwlrq Frqglwlrq ghshqgv rq w1I u r p 7 1 4 / z k h q w	 cE  w6Ew lv
4<srvlwlyh vr wkdw dq lqfuhdvh lq o uhgxfhv  Wkhq wkh fxuyh iurp wkh Hqwuhsuh0
qhxu Rswlpl}dwlrq Frqglwlrq lv grzqzdug vorslqj1 Zkhq w: cE  w6Ew lv
qhjdwlyh dqg wkh fxuyh iurp wkh Hqwuhsuhqhxu Rswlpl}dwlrq Frqglwlrq lv xszdug
vorslqj/ dqg zkhq w ' cwkh fxuyh lv krul}rqwdo1 Wklv uhvxow lv vxppdul}hg lq wkh
iroorzlqj ohppd iru ixwxuh uhihuhqfh1
Ohppd 8151 Lq wkh Ndogru pdwfklqj prgho/ wkh fxuyh uhodwlqj wkh zdjh wr wkh
lqwhuhvw udwh +iru d jlyhq udwlr ri xqhpsor|hg wr ydfdqflhv/ w, dqg vdwlvi|lqj wkh
Hqwuhsuhqhxu Rswlpl}dwlrq Frqglwlrq lv xszdug vorslqj li w: cgrzqzdug vors0
lqj li w	 cdqg krul}rqwdo li w ' 
Li w vwduwv dw 4 dqg lqfuhdvhv/ wkh qhz fxuyh iurp wkh Hqwuhsuhqhxu Rswlpl}d0
wlrq Frqglwlrq zloo olh hqwluho| ehorz wkh rog rqh1 Wkh qhz htxloleulxp zdjh pxvw
o l hr qw k hq h zf x u y h /v rw k d ww k hz d j hz l o og h f o l q hd vdu h v x o wr iw k hl q f u h d v hl qw 1
E| frqwlqxlw|/ wkh zdjh zloo eh d ghfuhdvlqj ixqfwlrq ri w zkhq w lv vx!flhqwo|
forvh wr rqh1 Zkhq w lv ohvv wkdq rqh/ wkh fxuyh iurp wkh Hqwuhsuhqhxu Rswlpl}d0
wlrq Frqglwlrq lv grzqzdug vorslqj1 Wkhq wkh zdjh zloo eh d ghfolqlqj ixqfwlrq
ri w iru doo w ohvv wkdq rqh/ vlqfh wkh zdjh zloo uvw ghfolqh iurp wkh grzqzdug
vkliw lq wkh fxuyh iru wkh Hqwuhsuhqhxu Rswlpl}dwlrq Frqglwlrq +kroglqj wkh lq0
whuhvw udwh {hg, dqg wkhq zloo ghfolqh ixuwkhu iurp wkh lqfuhdvh lq wkh lqwhuhvw
udwh +prylqj dorqj wkh fxuyh iru wkh Hqwuhsuhqhxu Rswlpl}dwlrq Frqglwlrq wr wkh
qhz htxloleulxp,1 Wkhvh uhvxowv duh vxppdul}hg dv iroorzv1
Wkhruhp 8161 Lq wkh Ndogru pdwfklqj prgho zlwk wkh jryhuqphqw ghew frq0
vwudlqw kroglqj/ d kljkhu ydoxh ri w +iurp juhdwhu ydoxhv ri 4c Bc & ru orzhu ydoxhv
ri r dqg R |lhogv d orzhu zdjh udwh li w lv vx!flhqwo| qhdu rqh ru li w lv ohvv wkdq
rqh1
Lq Iljxuh 816/ looxvwudwlqj wkh hhfwv ri dq lqfuhdvh lq w/ wkh zdjh fkdqjh
qhhghg wr vdwlvi| wkh Hqwuhsuhqhxu Rswlpl}dwlrq Frqglwlrq +dw wkh iruphu lqwhuhvw
udwh, lv pxfk juhdwhu wkdq wkh fkdqjh qhhghg wr vdwlvi| wkh Htxloleulxp Vhohfwlrq
Frqglwlrq +dw wkh iruphu lqwhuhvw udwh,1 Wkh grzqzdug vkliw lq wkh fxuyh iru wkh
Hqwuhsuhqhxu Rswlpl}dwlrq Frqglwlrq wkhuhiruh grplqdwhv/ uhvxowlqj lq d orzhu
zdjh udwh1 Dowkrxjk d srvlwlyh uhodwlrq ehwzhhq w dqg  l vq r wu x o h gr x we |
Wkhruhp 816/ dqdo|vlv ri  rzv ri zrunhu dvvhw ydoxhv lq Vhfwlrq ; grhv qrw uhtxluh
txdolfdwlrqv1
5391 H!flhqf|
Wkh txhvwlrq ri h!flhqw ohyhov ri xqhpsor|phqw kdv ehhq srvhg lq wkh frqwh{w ri
vhdufk frqjhvwlrq +Skhosv/ 4<:5> Wrelq/ 4<:5> Gldprqg/ 4<;5> Pruwhqvhq/ 4<;5>
Slvvdulghv/ 4<;7,1 Krvlrv +4<<3, hvwdeolvkhg frqglwlrqv rq wkh vkduh ri vxusoxv
jrlqj wr zrunhuv lq Qdvk Edujdlqlqj wkdw |lhog h!flhqf| dqg Vdwwlqjhu +4<<3,
ghvfulehg d pdunhw phfkdqlvp wkdw holplqdwhv vhdufk frqjhvwlrq dqg |lhogv wkh
Krvlrv frqglwlrqv1 H!flhqw wd{dwlrq kdv dq h{whqvlyh olwhudwxuh +vhh Hurvd dqg
J h u y d l v+ 5 3 3 3 ,i r udo l i h 0 f | f o hd s s u r d f k , 1
Vhyhudo dssurdfkhv wr frqglwlrqv iru h!flhqf| duh srvvleoh1 Lq d vwudljkwiru0
zdug dssurdfk/ vrfldo zhoiduh pd| eh wdnhq wr htxdo wkh  rz ri rxwsxw +qhw ri
ghsuhfldwlrq,/ plqxv wkh rssruwxqlw| frvwv ri sduwlflsdwlrq lq wkh oderu pdunhw
dqg plqxv wkh rssruwxqlw| frvw ri wkh fdslwdo xvhg lq wkh rxwsxw1 Wkh  rz ri
rxwsxw qhw ri ghsuhfldwlrq lq wkh Ndogru pdwfklqj prgho lv jlyhq e| .ER  B&c
wkh ohyho ri sduwlflsdwlrq lq wkh oderu pdunhw lv uc dqg wkh fdslwdo xvhg lv a&
Rqh frxog wkhq frpsduh frqwulexwlrqv wr wkh  rz ri rxwsxw wr rssruwxqlw| frvwv
ri sduwlflsdwlrq dqg fdslwdo1 Dowhuqdwlyho|/ rqh frxog frqvwuxfw d vrfldo zhoiduh
ixqfwlrq iurp wkh dvvhw ydoxhv ri zrunhuv dqg hqwuhsuhqhxuv/ dqg lqfoxgh wudqv0
ihuv/ wd{hv dqg lqwhuhvw rq fdslwdo dqg rq wkh ghew1 Rqh pd| h{shfw wkh vxp wr
htxdo wkh  rz ri rxwsxw .ER  B& vlqfh wkh jryhuqphqw dqg hpsor|phqw rqo|
uhglvwulexwh wkh surgxfwlrq/ dqg wkh frqvwuxfwlrq ri wkh dvvhw ydoxh htxdwlrqv uh0
glvwulexwh wkh ydoxh ri surgxfwlrq ehwzhhq hpsor|phqw dqg xqhpsor|phqw/ ru
ehwzhhq oohg dqg ydfdqw1 Krzhyhu/ wklv lv qrw wkh fdvh zlwk srvlwlyh edodqfhg
jurzwk1 Vxpplqj dvvhw ydoxhv zlwk edodqfhg jurzwk lqfoxghv hqwhulqj zrunhuv
dqg hqwuhsuhqhxuv zkr h{shulhqfh dvvhw ydoxhv zlwkrxw fxuuhqwo| surgxflqj dq|0
wklqj1 Lw lv wkhuhiruh qhfhvvdu| wr zrun zlwk wkh  rz ri rxwsxw/ .ER  B&
Lq Gldprqg*v dssurdfk/ frqglwlrqv iru h!flhqw ohyhov ri xqhpsor|phqw dulvh
e| frpsdulqj wkh pdujlqdo surgxfw ri dq hqwhulqj zrunhu zlwk wkh sulydwh uhwxuq
+dqg iruhjrqh rssruwxqlw|, ri dq hqwhulqj zrunhu1 Wklv dssurdfk zloo eh iroorzhg
khuh1 Lq wkh frqwh{w ri wkh Ndogru pdwfklqj prgho/ dq lqglylgxdo hqwhulqj wkh
oderu pdunhw frxog ehfrph hlwkhu d zrunhu ru dq hqwuhsuhqhxu1 Dq lqfuhdvh lq u
uhvxowv lq wkh orqj uxq lq sursruwlrqdo lqfuhdvhv lq . dqg ac ohdylqj w/  dqg o
xqdhfwhg1 Zkloh wkh orqj uxq frqvhtxhqfhv ri dq dgglwlrqdo shuvrq lq wkh oderu
pdunhw fdq eh hdvlo| fdofxodwhg/ lw lv qhfhvvdu| wr frqvlghu wkh wudqvlwlrq ryhu wlph
wr wkh qhz edodqfhg jurzwk htxloleulxp lq fdofxodwlqj wkh pdujlqdo surgxfw ri dq
dgglwlrqdo shuvrq lq wkh oderu pdunhw1 Wklv fdq eh grqh xvlqj d uhvxow ghyhorshg
e| Gldprqg +4<;3,1 Krzhyhu/ Gldprqg*v phwkrg lv edvhg rq pryhphqw ehwzhhq
54vwhdg| vwdwh htxloleuld zlwk d glhuhqwldo htxdwlrq iru wkh hfrqrplf yduldeoh wkdw
lv lqghshqghqw ri wlph1 Wklv lv qrw wkh fdvh zlwk edodqfhg jurzwk exw d fkdqjh ri
yduldeohv fdq eh xvhg wr holplqdwh wkh wlph yduldeoh lq wkh glhuhqwldo htxdwlrq/
wkhuhe| dgdswlqj Gldprqg*v phwkrg wr d edodqfhg jurzwk frqwh{w1
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zkhuh uf dqg af duh wuhdwhg dv sdudphwhuv dqg u dqg a jurz dw wkh edodqfhg
jurzwk udwh 4 Lq d edodqfhg jurzwk htxloleulxp/ . zloo dovr jurz dw udwh 4
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uf  Eaf*&  e .
af  e .
$
Eaf  e .   e .  4 e . +915,
Lq d edodqfhg jurzwk htxloleulxpsE e .cufca fzloo htxdo }hur1 Wkh orqj uxq fkdqjh
lq e . iurp d fkdqjh lq uf lv EYs*Yuf*EYs*Y e .c kroglqj af frqvwdqw1 Lq glv0
frxqwlqj d ixwxuh ydoxh ri . lq whupv ri e .c wkh ydoxh lv uhgxfhg e| wkh glvfrxqw
udwh o exw lqfuhdvhg e| wkh jurzwk udwh lq . uhodwlyh wr e . ri 4 Wklv lv dffrp0
solvkhg e| xvlqj d glvfrxqw udwh ri o  4 dssolhg wr e . Lq Gldprqg*v phwkrg/
wkh suhvhqw glvfrxqwhg ydoxh ri wkh pryhphqw iurp wkh ruljlqdo edodqfhg jurzwk
htxloleulxp wr wkh qhz edodqfhg jurzwk htxloleulxp dv d uhvxow ri dq lqfuhdvh lq
uf lv jlyhq e|=
Ys*Yuf
Eo4Eo  4  Ys*Y e .
+916,
Lq wkh ri devhqfh jurzwk +wkdw lv/ zkhq 4 'f  cdq lqfuhdvh lq uf |lhogv dq lqfuhdvh
lq wkh oderu irufh ri rqh lqglylgxdo shu shulrg lqghqlwho| lqwr wkh ixwxuh/ iru d
suhvhqw ydoxh ri *o Vlqfh u lqfuhdvhv e| wkh jurzwk udwh 4c wkh suhvhqw ydoxh
ri wkh lqfuhdvh lq wkh oderu irufh lv *Eo  4 Wr rewdlq wkh pdujlqdo surgxfw
ri dq dgglwlrqdo shuvrq lq wkh oderu irufh/ lw lv wkhuhiruh qhfhvvdu| wr pxowlso|
916 e| Eo  4*o wr fruuhfw iru wkh glhulqj dprxqw ri oderu lq edodqfhg jurzwk1
Dsso|lqj wklv fruuhfwlrq dqg pxowlso|lqj e| wkh surgxfwlrq qhw ri ghsuhfldwlrq ri
dq dgglwlrqdo hpsor|hg shuvrq |lhogv=
u '
EYs*YufER  B&
oEo 4Ys*Y e .
+917,
55E| lqvshfwlrq ri 915/ wkh whupv lq wkh jurzwk udwh 4 zloo fdqfho rxw/ vr wkdw wkh
pdujlqdo surgxfw ri oderu grhv qrw ghshqg rq wkh jurzwk udwh1
Dsso|lqj Gldprqg*v surfhgxuh |lhogv=
u '
ERB&6Ew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nE w 6 E w
+918,
D qhfhvvdu| frqglwlrq iru h!flhqf| lv wkdw wklv pdujlqdo surgxfw htxdo wkh sulydwh
uhwxuq wr dq lqglylgxdo frqvlghulqj hqwu| dv dq xqhpsor|hg zrunhu/ jlyhq e| wkh
dvvhw ydoxh `L lq 5181 Zlwk wkh zdjh ghwhuplqhg e| up rswlpl}dwlrq lq 714/
vxevwlwxwlrq |lhogv=
`L '
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+919,
Vhwwlqj u iurp 918 htxdo wr `L iurp 919 dqg vroylqj |lhogv d uhodwlrq ehwzhhq








Li wklv frqglwlrq grhv qrw krog/ d Sduhwr lpsuryhphqw lv srvvleoh vlqfh fxuuhqw
oderu irufh sduwlflsdqwv frxog frpshqvdwh d pdujlqdo hqwudqw wr hqwhu +li u :
`Lru vwd| rxw +li u 	` L Li xqhpsor|phqw ehqhw K lv }hur/ wkhq | pxvw
eh }hur iru h!flhqw hqwu|1 Krzhyhu/ li | lv srvlwlyh/ wkhuh h{lvwv d srvlwlyh ohyho ri
xqhpsor|phqw ehqhw vxfk wkdw hqwu| lv h!flhqw17 Wkh srvlwlyh xqhpsor|phqw
ehqhw frpshqvdwhv iru wkh glvwruwlqj hhfwv ri | rq ghflvlrqv wr hqwhu wkh oderu
irufh1
D vhfrqg frqglwlrq iru h!flhqf| dulvhv iurp frqvlghulqj fkdqjhv lq wkh qxpehu
ri mrev/ a Li wkh qxpehu ri mrev lqfuhdvhv/ kroglqj wrwdo oderu irufh sduwlflsdwlrq
u {hg/ lqglylgxdov duh vkliwhg iurp vhhnlqj mrev wr ehlqj hqwuhsuhqhxuv1 Dq
h!flhqw vhohfwlrq ri lqglylgxdov wr eh hqwuhsuhqhxuv uhtxluhv wkdw wklv qhw surgxfw
+htxdo wr wkh suhvhqw ydoxh ri wkh pdujlqdo surgxfw ri hqwuhsuhqhxuv plqxv wkh
pdujlqdo surgxfw ri wkh iruhjrqh oderu dqg wkh rssruwxqlw| frvw ri fdslwdo, htxdo
}hur1 Xvlqj Gldprqg*v phwkrg/ wkh qhw surgxfw lv jlyhq e|=
a '
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7Wkh frqglwlrq fdq dovr eh lqwhusuhwhg dv ghwhuplqlqj wkh udwlr  wkdw pxvw krog zkhq wz
dqg e duh srvlwlyh1
56Wkh frqglwlrqv iru h!flhqf| fduu| vwurqj lpsolfdwlrqv iru wkh ghwhuplqdwlrq ri
hfrqrplf dqg srolf| yduldeohv1 Vhwwlqj a htxdo wr }hur ghwhuplqhv wkh lqwhuhvw
udwh wkdw pxvw krog iru h!flhqw vhohfwlrq dw d sduwlfxodu ydoxh ri w1W k l vl q w h u h v w
udwh grhv qrw ghshqg rq wkh wd{ udwhv ru xqhpsor|phqw ehqhwv1 Vxevwlwxwlqj
wkh lqwhuhvw udwh qhhghg iru h!flhqf| lqwr 918 ghwhuplqhv d ydoxh iru wkh pdujlqdo
surgxfw ri oderu1 Wkh zrunhu dvvhw ydoxh `L pxvw htxdo wklv ydoxh iru h!flhqw
hqwu|1 Li wkhuh lv d srvlwlyh wd{ rq oderu/ |c wkh xqhpsor|phqw ehqhw K pxvw
eh srvlwlyh iurp 91: vr wkdw `L vwd|v htxdo wr u dqg h!flhqw hqwu| rffxuv1
+Wkdw lv/ wkh frpelqdwlrqv ri K dqg | iurp 91: |lhog d frqvwdqw ydoxh ri `L Li
| 'f cwkhq K 'f  8Srvlwlyh ydoxhv ri K dqg | pd| ohdyh `L xqdhfwhg/ exw d
srvlwlyh ydoxh ri K udlvhv wkh zdjh iurp wkh Hqwuhsuhqhxu Rswlpl}dwlrq Frqglwlrq
lq 714 dqg wkhuhe| uhgxfhv `T 1W rn h h sw k hu d w l r` L *`T htxdo wr ac wkh wd{
rq surwv pxvw eh qhjdwlyh/ l1h1/ hqwuhsuhqhxuldo dfwlylw| pxvw eh vxevlgl}hg1
Wkh ghwhuplqdwlrq ri wkh lqwhuhvw udwh iurp a 'ffdq eh xqghuvwrrg lq
whupv ri wkh lqfuhdvhg rxwsxw jhqhudwhg e| pruh fdslwdo1 Wkh dgglwlrq ri & xqlwv
ri fdslwdo doorzv *a xqlwv ri oderu wr eh vkliwhg iurp zrunlqj wr ehlqj dq
hqwuhsuhqhxu iru d mre1 Zlwk wkh dgghg rxwsxw jhqhudwhg e| wkh hqwuhsuhqhxu
h{fhhglqj wkh iruhjrqh rxwsxw jhqhudwhg e| wkh *a xqlwv ri oderu/ surgxfwlrq
lqfuhdvhv1 Wkh h!flhqf| frqglwlrq a 'fuhtxluhv wkdw & xqlwv ri fdslwdo htxdo
wkh suhvhqw ydoxh ri wklv surgxfwlrq lqfuhdvh1
Wkh frqfoxvlrqv frqfhuqlqj wkh h!flhqf| ri wkh Ndogru pdwfklqj prgho duh
vxppdul}hg lq wkh iroorzlqj wkhruhp1
Wkhruhp 9141 Vxssrvh wkdw d edodqfhg jurzwk htxloleulxp krogv lq wkh Ndogru
pdwfklqj prgho/ zlwk wkh jryhuqphqw ghew frqvwudlqw kroglqj1 H!flhqw vhohfwlrq
ghwhuplqhv wkh lqwhuhvw udwh iurp 91; dqg h!flhqw vhohfwlrq dqg hqwu| wrjhwkhu
ghwhuplqh wkh zrunhu dvvhw ydoxh zkhq xqhpsor|hg/ `L Iru d jlyhq wd{ udwh
rq oderu lqfrph |c wkh ohyho ri xqhpsor|phqw ehqhw wkdw |lhogv h!flhqw hqwu|
lv jlyhq e| 91:1 D srvlwlyh wd{ udwh rq oderu lqfrph/ |c uhtxluhv d srvlwlyh
xqhpsor|phqw ehqhw K dqg d vxevlg| ri hqwuhsuhqhxuldo surwv1
Iljxuh 914 vkrzv wkh xqhpsor|phqw ehqhw K dv d ixqfwlrq ri wkh oderu wd{/
|c iurp 91: xvlqj wkh rwkhu dvvxpswlrqv iurp Iljxuh 5141 Iljxuh 915 vkrzv wkh
h!flhqw wd{ rq surwv dv d ixqfwlrq ri wkh oderu wd{/ dvvxplqj wkh xqhpsor|phqw
ehqhw K lv dovr h!flhqw1 Dv vkrzq/ wkh wd{ rq surwv lv qhjdwlyh zkhq | : f/v r
8H!flhqw hqwu| rffxuv zkhq wz @ e @3ehfdxvh ri wkh h!flhqf| surshuwlhv ri wkh Hqwuhsuh0
qhxu Rswlpl}dwlrq Frqglwlrq1








Iljxuh 914= H!flhqw Xqhpsor|phqw Ehqhw
wkdw hqwuhsuhqhxuldo dfwlylw| vkrxog eh vxevlgl}hg iru h!flhqf| zkhq wkh wd{ rq
oderu lqfrph lv srvlwlyh1
Dowkrxjk hqwuhsuhqhxuldo surwv pxvw eh vxevlgl}hg iru h!flhqf| zkhq wkh
wd{ rq oderu lqfrph lv srvlwlyh/ wkh qhw wd{ froohfwlrqv fdq vwloo eh srvlwlyh/ dv
vkrzq lq Iljxuh 9161
:1 Jryhuqphqw Srolf|
:141 Qdwlrqdo Ghew Udwlr
Jryhuqphqw srolf| wdnhv wkh irup ri fkrrvlqj d udwlr ri qdwlrqdo ghew wr hpsor|0
phqw/ wd{ udwhv/ dqg xqhpsor|phqw ehqhw19 Lpsolfdwlrqv ri wkh udwlr ri qdwlrqdo
ghew wr hpsor|phqw iroorz gluhfwo| iurp wkh frqglwlrq iru pdfurhfrqrplf htxl0
oleulxp wkdw 7  ( lq 61; htxdo }hur ru/ htxlydohqwo|/ 61<1: Dv d uhvxow ri
wkh frqglwlrqv iru pdfurhfrqrplf htxloleulxp lq edodqfhg jurzwk/ wkh udwlr ri
qdwlrqdo ghew wr hpsor|phqw kdv uhdo hhfwv rq wkh zdjh udwh dqg rq wkh lq0
9Vhh Iohfn dqg Grphqjklqr +4<;:, iru frqvlghudwlrq ri wkh jryhuqphqw vhfwru lq d Ndogru0
Sdvlqhwwl prgho1
:Wkh udwlr ri qdwlrqdo ghew wr hpsor|phqw/ G@H> lv xvhg khuh lqvwhdg ri wkh hpslulfdoo|
revhuyhg udwlr ri ghew wr djjuhjdwh rxwsxw/ G@+H+s  n,,= Wkh wzr duh sursruwlrqdo1







Iljxuh 915= H!flhqw Wd{ rq Surwv








Iljxuh 916= Wd{ Uhyhqxhv Shu Hpsor|hg Zrunhu











I l j x u h: 1 4 =H  h f w vr iG h e ww rH p s o r | p h q wU d w l rr qw
whuhvw udwh1 Dq lqfuhdvh lq (*. uhvxowv lq d vpdoohu ydoxh ri a*.c hyhu|wklqj
hovh wkh vdph1 Xvlqj Wkhruhpv 616/ 814 dqg 815/ d vpdoohu ydoxh ri a*. |lhogv d
kljkhu ydoxh ri w/ d orzhu zdjh +zlwk wkh txdolfdwlrqv lq Wkhruhp 815,/ dqg +iru
vx!flhqwo| vpdoo K d kljkhu lqwhuhvw udwh1 Wkhvh uhvxowv duh vxppdul}hg lq wkh
iroorzlqj wkhruhp1
Wkhruhp :141 Vxssrvh wkdw d edodqfhg jurzwk htxloleulxp krogv lq wkh Ndogru
pdwfklqj prgho zlwk wkh jryhuqphqw ghew frqvwudlqw kroglqj1 D kljkhu udwlr ri
qdwlrqdo ghew wr hpsor|phqw/ (*.c |lhogv d orzhu udwlr ri mrev wr hpsor|phqw/
a*.c dqg d kljkhu udwlr ri xqhpsor|phqw wr ydfdqflhv/ w1 Iru vx!flhqwo| vpdoo
xqhpsor|phqw ehqhwv/ d kljkhu udwlr ri qdwlrqdo ghew wr hpsor|phqw |lhogv d
kljkhu lqwhuhvw udwh1 Lw dovr |lhogv d orzhu zdjh udwh li w lv vx!flhqwo| qhdu rqh ru
li w lv ohvv wkdq rqh1
Dv d fruroodu| wr wklv wkhruhp/ wkh xqhpsor|phqw udwh zloo eh kljkhu dqg wkh
ydfdqf| udwh zloo eh orzhu zkhq wkh udwlr ri qdwlrqdo ghew wr hpsor|phqw lv kljkhu
vlqfh w lv kljkhu1
Wkh udwlr ri qdwlrqdo ghew wr hpsor|phqw kdv uhdo hhfwv rq wkh zdjh dqg
lqwhuhvw udwh ehfdxvh d kljkhu udwlr devruev vdylqjv1 Wkhq pdfurhfrqrplf htxl0










Iljxuh :15= Hhfwv ri Ghew wr Hpsor|phqw Udwlr rq Lqwhuhvw Udwh
o l e u l x pr f f x u vi r udo r z h uu d w l rr im r e vw rh p s o r | p h q wd q gdf r q v h t x h q wo r z h u
qhhg iru fdslwdo lqyhvwphqw wr pdlqwdlq edodqfhg jurzwk1 Wkh uhvxowlqj kljkhu
udwlr w j h q h u d w h vo r z h uz d j h vd q gdk l j k h ul q w h u h v wu d w h 1
Wkh wkhruhp wuhdwv wkh udwlr ri qdwlrqdo ghew wr hpsor|phqw dv d yduldeoh
h{rjhqrxvo| ghwhuplqhg e| jryhuqphqw srolf|/ zlwk wudqvihuv - dgmxvwlqj hq0
grjhqrxvo|1 Dv dq dowhuqdwlyh dssurdfk/ rqh frxog wuhdw -*. dv h{rjhqrxvo|
ghwhuplqhg e| jryhuqphqw srolf|/ zlwk (*. dgmxvwlqj hqgrjhqrxvo|1 Wkh uhvxowv
duh htxlydohqw/ krzhyhu/ vlqfh d kljkhu ohyho ri -*. zloo |lhog d kljkhu udwlr (*.
Iljxuh :14 looxvwudwhv wkh hhfwv ri wkh udwlr ri ghew wr hpsor|phqw/ (*.c rq
w1 Wklv jxuh xvhv wkh vdph dvvxpswlrqv dv Iljxuh 514/ dorqj zlwk dgglwlrqdo
dvvxpswlrqv dhfwlqj pdfurhfrqrplf htxloleulxp +vshflfdoo| r ' 2 dqg 4 '
fS Iljxuhv :15 dqg :16 vkrz wkh hhfwv ri (*. rq wkh lqwhuhvw udwh dqg zdjh/
uhvshfwlyho|/ xvlqj wkh vdph dvvxpswlrqv1;
;Lq jxuh :15/ wkh lqwhuhvw udwh lv qrq0srvlwlyh iru vpdoo udwlrv ri G@H= Vxfk edodqfhg jurzwk
htxloleuld/ zlwk d qrq0srvlwlyh lqwhuhvw udwh/ zrxog qrw rffxu li wkh vdylqjv udwh idoov wr }hur
zkhq wkh lqwhuhvw udwh ghfolqhv wr }hur1
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I l j x u h: 1 6 =H  h f w vr iG h e ww rH p s o r | p h q wU d w l rr qZ d j hU d w h
:151 Wd{hv
Wkh wd{ udwhv |c| Rdqg |o gr qrw hqwhu lqwr wkh h{suhvvlrq iru pdfurhfrqrplf
htxloleulxp dqg wkhuhiruh gr qrw dhfw wkh udwlr ri mrev wr hpsor|phqw/ a*.c ru
wkh udwlr ri xqhpsor|hg wr ydfdqflhv/ w/ wdnlqj dv jlyhq wkh udwlr ri qdwlrqdo ghew
wr hpsor|phqw1 Dovr/ wkh wd{ udwhv gr qrw dhfw wkh uhodwlrq ehwzhhq wkh zdjh
udwh dqg lqwhuhvw udwh ghwhuplqhg e| wkh Hqwuhsuhqhxu Rswlpl}dwlrq Frqglwlrq
lq 7141 Krzhyhu/ wkh wd{ udwhv gr dhfw wkh uhodwlrq ehwzhhq wkh zdjh udwh dqg
wkh lqwhuhvw udwh ghwhuplqhg e| wkh Htxloleulxp Vhohfwlrq Frqglwlrq lq 51431 Wklv
pdnhv lw uhodwlyho| vlpsoh wr ghwhuplqh wkh lqflghqfh ri wd{hv rq oderu lqfrph
dqg surwv vlqfh rqo| rqh ri wkh wzr uhodwlrqv vkliwv1 Dw d jlyhq lqwhuhvw udwh/ wkh
uhodwlrq lq 5143 vkliwv xszdug dv d uhvxow ri dq lqfuhdvh lq wkh wd{ udwh rq oderu/
|c dqg vkliwv grzqzdug dv d uhvxow ri dq lqfuhdvh lq wkh wd{ udwh rq surwv/ |R Dq
lqfuhdvh lq wkh wd{ udwh rq oderu uhtxluhv d kljkhu zdjh vr wkdw `L zloo frqwlqxh wr
htxdo `T ac dqg vlploduo| dq lqfuhdvh lq wkh wd{ udwh rq surwv uhtxluhv d orzhu
zdjh udwh +dw hdfk lqwhuhvw udwh,1 Dq xszdug vkliw lq wkh uhodwlrq lq 5143 uhodwlyh
wr wkh uhodwlrq ghwhuplqhg e| wkh Hqwuhsuhqhxu Rswlpl}dwlrq Frqglwlrq |lhogv d
kljkhu lqwhuhvw udwh +wkh wzr fxuyhv zhuh vkrzq suhylrxvo| lq Iljxuh 814,1 Wkh
hhfwv rq wkh zdjh udwh ghshqg rq wkh vorsh ri wkh fxuyh iurp wkh Hqwuhsuhqhxu
Rswlpl}dwlrq Frqglwlrq/ zklfk grhv qrw vkliw zkhq hlwkhu | ru |R fkdqjh1 Wkhvh
5<uhvxowv/ wrjhwkhu zlwk Ohppd 815/ |lhog wkh iroorzlqj wkhruhp1
Wkhruhp :151 Vxssrvh wkdw d edodqfhg jurzwk htxloleulxp krogv lq wkh Ndogru
pdwfklqj prgho zlwk wkh jryhuqphqw ghew frqvwudlqw kroglqj1 Frpsdulqj edo0
dqfhg jurzwk htxloleuld/ dq lqfuhdvh lq wkh wd{ udwh rq oderu lqfrph ru d ghfuhdvh
lq wkh wd{ udwh rq surwv |lhog d kljkhu lqwhuhvw udwh1 Wkh vdph wd{ fkdqjhv |lhog
dq lqfuhdvh lq wkh zdjh li w +wkh udwlr ri xqhpsor|phqw wr ydfdqflhv, h{fhhgv rqh>
|lhog d ghfuhdvh lq wkh zdjh li w lv ohvv wkdq rqh> dqg |lhog qr fkdqjh lq wkh zdjh
li w htxdov rqh1
Li wkh zdjh udwh jrhv xs zkhq wkh lqwhuhvw udwh lqfuhdvhv/ zrunhuv duh qrw
qhfhvvdulo| ehwwhu r lq wkh vhqvh wkdw o`L lqfuhdvhv1 Hhfwv rq dvvhw ydoxhv zloo
eh frqvlghuhg lq Vhfwlrq ;1
:161 Xqhpsor|phqw Ehqhw
Wkh xqhpsor|phqw ehqhw K dhfwv wkh fxuyhv iurp erwk wkh Hqwuhsuhqhxu Rswl0
pl}dwlrq Frqglwlrq dqg wkh Htxloleulxp Vhohfwlrq Frqglwlrq1< Dv d uhvxow/ wkh hi0
ihfwv rq wkh lqwhuhvw udwh zloo eh xqdpeljxrxv zkloh wkh hhfwv rq wkh zdjh uhtxluh
txdolfdwlrq1 Iurp 714/ wkh fxuyh iru wkh Hqwuhsuhqhxu Rswlpl}dwlrq Frqglwlrq
vkliwv xs zkhq K lqfuhdvhv1 Iurp 5143/ wkh fxuyh iru wkh Htxloleulxp Vhohfwlrq
Frqglwlrq vkliwv grzq zkhq K jrhv xs +wkh wzr fxuyhv duh vkrzq lq Iljxuh 814,1
Erwk vkliwv frqwulexwh wr d uhgxfwlrq lq wkh lqwhuhvw udwh143
Vlqfh wkh fxuyh iru wkh Hqwuhsuhqhxu Rswlpl}dwlrq Frqglwlrq pd| vorsh xs0
zdug/ wkh hhfwv ri K rq wkh zdjh uhtxluh txdolfdwlrq wr uxoh rxw wklv dpeljxrxv
fdvh1 Wkh uhvxowlqj frqfoxvlrqv duh vxppdul}hg lq wkh iroorzlqj wkhruhp1
Wkhruhp :161 Vxssrvh wkdw d edodqfhg jurzwk htxloleulxp krogv lq wkh Ndogru
pdwfklqj prgho zlwk wkh jryhuqphqw ghew frqvwudlqw kroglqj1 Frpsdulqj edo0
dqfhg jurzwk htxloleuld/ d kljkhu ohyho ri xqhpsor|phqw ehqhwv |lhogv d orzhu
lqwhuhvw udwh1 D kljkhu ohyho ri xqhpsor|phqw ehqhwv |lhogv d kljkhu zdjh li w lv
vx!flhqwo| forvh wr rqh ru li w lv ohvv wkdq rqh1
Iljxuhv :17 dqg :18 vkrz wkh hhfwv ri kljkhu ydoxhv ri K rq wkh lqwhuhvw udwh
d q gz d j hx v l q jw k hv d p hd v v x p s w l r q vd vl qI l j x u h5 1 4 1
<Rswlpdo xqhpsor|phqw ehqhwv kdyh uhfhqwo| ehhq h{dplqhg e| Vdwwlqjhu +4<<8, dqg
Iuhgulnvvrq dqg Kropoxqg +5334,1
43Wkh ghfolqh lq wkh lqwhuhvw udwh iurp dq lqfuhdvh lq e fdq dovr eh ghprqvwudwhg iurp 814/
vlqfh dq lqfuhdvh lq e udlvhv ZX@ZY = Wkhq wkh lqwhuhvw udwh dw zklfk ZX@ZY @ QM ghfolqhv/
dv vkrzq lq Iljxuh 8151










Iljxuh :17= Hhfw ri Xqhpsor|phqw Ehqhwv rq Lqwhuhvw Udwh








Iljxuh :18= Hhfw ri Xqhpsor|phqw Ehqhwv rq Zdjh Udwh
64;1 Iorzv ri Dvvhw Ydoxhv dqg Oderu Irufh Sduwlflsdwlrq
Wklv vhfwlrq frqvlghuv wkh ghwhuplqdwlrq ri wkh  rz ri dvvhw ydoxhv iru zrunhuv
dqg hqwuhsuhqhxuv lq wkh hfrqrp|1 Dqdo|vlv lq suhylrxv vhfwlrqv kdv irfxvhg rq
hhfwv rq wkh zdjh dqg wkh lqwhuhvw udwhv1 Vrph hhfwv rq zdjh udwhv uhtxluhg
txdolfdwlrq vlqfh wkh qhw hhfwv ri fkdqjhv frxog qrw eh ghwhuplqhg iurp vkliwv
lq fxuyhv1 Hyhq li wkh gluhfwlrq ri fkdqjh ri wkh zdjh lv nqrzq/ wkh  rzv ri dvvhw
ydoxhv/ o`L dqg o`Tc pd| pryh lq frqwudu| gluhfwlrqv ehfdxvh ri frqfxuuhqw
fkdqjhv lq w/ o ru rwkhu yduldeohv1 Ghwhuplqdwlrq ri zkhwkhu zrunhuv dqg hqwuh0
suhqhxuv duh ehwwhu r dv d uhvxow ri vrph fkdqjh wkhuhiruh uhtxluhv d vhsdudwh
dqdo|vlv ri wkh  rzv ri dvvhw ydoxhv1
Iorzv ri dvvhw ydoxhv duh xvhg lqvwhdg ri wkh dvvhw ydoxhv wkhpvhoyhv ehfdxvh wkh
dvvhw ydoxhv lqfrusrudwh glvfrxqwlqj ri ixwxuh lqfrphv1 D fkdqjh wkdw uhgxfhv wkh
lqwhuhvw udwh frxog lqfuhdvh wkh dvvhw ydoxh wkurxjk glvfrxqwlqj zkloh uhgxflqj wkh
dprxqw dq djhqw uhfhlyhv lq hdfk shulrg1 Frpsdulqj edodqfhg jurzwk htxloleuld/
dq djhqw lv xqdpeljxrxvo| ehwwhu r li wkh djhqw*v  rz ri dvvhw ydoxhv lv juhdwhu1
Ghwhuplqdwlrq ri zkhwkhu zrunhuv dqg hqwuhsuhqhxuv duh ehwwhu r zloo wkhuhiruh
eh edvhg rq frpsdulvrqv ri  rzv ri dvvhw ydoxhv1
Dqdo|vlv ri  rzv ri dvvhw ydoxhv lv xqghuwdnhq xvlqj dq dujxphqw edvhg rq
Iljxuh ;14/ jhqhudwhg xvlqj wkh dvvxpswlrqv iru Iljxuh 5141 Wkh olqh odehohg
Htxloleulxp Vhohfwlrq vkrzv frpelqdwlrqv ri o`L dqg o`T wkdw vdwlvi| wkh
Htxloleulxp Vhohfwlrq Frqglwlrq lq 51<1 Wklv olqh kdv vorsh a Wkh fxuyh odehohg
Ro Ydulhv/ w ' vkrzv frpelqdwlrqv ri o`L dqg o`T jhqhudwhg e| ydu|lqj
wkh lqwhuhvw udwh/ zlwk w 'dqg wkh zdjh ghwhuplqhg e| wkh Hqwuhsuhqhxu Rs0
wlpl}dwlrq Frqglwlrq lq 7141 +Wkh udwlr `L*`T jhqhudwhg e| ydu|lqj o lq wklv
zd| dsshduv lq Iljxuh 815 dv wkh fxuyh odehohg Rw '   Wkh htxloleulxp lqwhu0
hvw udwh rffxuv dw  zkhuh wkh fxuyh odehohg Ro Ydulhv/ w ' furvvhv wkh olqh
odehohg Htxloleulxp Vhohfwlrq1 Wkh htxloleulxp zkhq w '  efdq eh irxqg
lq wzr vwhsv1 Kroglqj wkh lqwhuhvw udwh {hg dw wkh htxloleulxp ydoxh iru w ' c
ydu|lqj w jhqhudwhv frpelqdwlrqv ri o`L dqg o`T wkdw olh rq wkh fxuyh odehohg
Rw Ydulhv1 Wkh frpelqdwlrq iru w '  eolhv dw 2c ehorz wkh fxuyh odehohg Ro
Ydulhv/ w '  Wklv hvwdeolvkhv wkdw wkh frpelqdwlrqv ri o`L dqg o`T vdwlvi|lqj
wkh Hqwuhsuhqhxu Rswlpl}dwlrq Frqglwlrq vkliw grzqzdug1 Wkh qhz htxloleulxp
zloo rffxu zkhuh wkh fxuyh odehohg Ro Ydulhv/ w '  e lqwhuvhfwv wkh Htxloleulxp
Vhohfwlrq olqh1 Wklv rffxuv dw c d wdk l j k h ul q w h u h v wu d w hd q gz l w ko r z h uy d o x h v
ri o`L dqg o`T Wklv dqdo|vlv |lhogv wkh iroorzlqj wkhruhp1
Wkhruhp ;141 Vxssrvh wkdw d edodqfhg jurzwk htxloleulxp krogv lq wkh Ndogru







T Varies r Varies, T 1




Iljxuh ;14= Hhfwv ri w rq Dvvhw Ydoxhv
pdwfklqj prgho zlwk wkh jryhuqphqw ghew frqvwudlqw kroglqj1 Frpsdulqj edo0
dqfhg jurzwk htxloleuld/ d kljkhu udwlr ri xqhpsor|hg wr ydfdqflhv +iurp d kljkhu
udwlr ri ghew wr hpsor|phqw, |lhogv orzhu  rzv ri dvvhw ydoxhv iru zrunhuv dqg
hqwuhsuhqhxuv1
D vlplodu dqdo|vlv fdq eh dssolhg wr xqhpsor|phqw ehqhwv/ xvlqj Iljxuh ;151
Wkh lqlwldo htxloleulxp +iru K ' 2 rffxuv dw  zkhuh wkh fxuyh vdwlvi|lqj wkh
Hqwuhsuhqhxu Rswlpl}dwlrq Frqglwlrq +odehohg Ro Ydulhv/ K ' 2 furvvhv wkh olqh
odehohg Htxloleulxp Vhohfwlrq1 Pryhphqw wr wkh qhz htxloleulxp rffxuv lq wzr
vwhsv1 Zlwk K qrz htxdo wr 15/ exw dw wkh ruljlqdo lqwhuhvw udwh/ wkh frpelqdwlrq
ri o`L dqg o`T lv dw 2 Wkh qhz htxloleulxp iru K ' 2 rffxuv zkhuh wkh olqh
wkurxjk 2c odehohg Ro Ydulhv/ K ' 2 lqwhuvhfwlrqv wkh Htxloleulxp Vhohfwlrq
olqh dw  Wkhq wkh lqwhuhvw udwh lv orzhu dqg o`L dqg o`T duh erwk kljkhu1
Wklv dqdo|vlv hvwdeolvkhv wkh iroorzlqj wkhruhp1
Wkhruhp ;151 Vxssrvh wkdw d edodqfhg jurzwk htxloleulxp krogv lq wkh Ndogru
pdwfklqj prgho zlwk wkh jryhuqphqw ghew frqvwudlqw kroglqj1 Frpsdulqj edo0
dqfhg jurzwk htxloleuld/ d kljkhu ohyho ri xqhpsor|phqw ehqhwv |lhogv kljkhu
 rzv ri dvvhw ydoxhv iru zrunhuv dqg hqwuhsuhqhxuv1
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I l j x u h; 1 5 =H  h f w vr iKrq Dvvhw Ydoxhv
Rqfh wkh  rz ri dvvhw ydoxhv iru xqhpsor|hg zrunhuv lv nqrzq/ wkh ohyho ri
oderu irufh sduwlflsdwlrq u fdq eh ghwhuplqhg iurp 51451 Wkhq hpsor|phqw .
fdq eh irxqg iurp u dqg w dqg wkh edodqfhg jurzwk vroxwlrq lq 5161 Vlqfh u lv dq
lqfuhdvlqj ixqfwlrq ri wkh  rz ri dvvhw ydoxh iru xqhpsor|hg zrunhuv/ lw lv srvvleoh
wr ghwhuplqh wkh uhodwlrq ehwzhhq wkh ghew wr hpsor|phqw uhodwlrq/ (*.c oderu
irufh sduwlflsdwlrq u dqg hpsor|phqw . Iljxuh ;16 vkrzv wkhvh uhodwlrqv xvlqj
wkh vdph dvvxpswlrqv dv Iljxuh 514 +h{fhsw wkdw w qrz ydulhv, dqg 4 ' f2 dqg
r ' 2
<1 H{whqvlrqv
Dq lpsruwdqw dvvxpswlrq lq wkh ruljlqdo Ndogru prgho lv wkdw wkh fdslwdo wr rxw0
sxw udwlr lv {hg vr wkdw lq wkh devhqfh ri d pdujlqdo surgxfw ri fdslwdo/ wkh surw
v k d u hl vg h w h u p l q h gd wdo h y h ow k d w| l h o g vw k hu h t x l u h gv d y l q j vu d w h 1Z l w kw k h { h g
sursruwlrq surgxfwlrq ixqfwlrq dvvxphg lq wkh Ndogru pdwfklqj prgho/ wkh pdu0
jlqdo surgxfw ri fdslwdo lq d pdwfk lv dovr xqghqhg1 Krzhyhu/ lq wkh djjuhjdwh
hfrqrp|/ wkh dgglwlrq ri d mre +uhtxlulqj d {hg dprxqw ri fdslwdo, lqfuhdvhv wkh
edodqfhg jurzwk ohyho ri hpsor|phqw dqg wkhuhiruh kdv d zhoo0ghqhg pdujlqdo
670.055 0.06 0.065 0.07
Debt








Iljxuh ;16= Oderu Irufh dqg Hpsor|phqw
frqwulexwlrq wr surgxfwlrq1 Wkh xvh ri d pdwfklqj prgho grhv qrw kdyh dv lwv
sxusrvh wkh holplqdwlrq ri pdujlqdo surgxfwv ri idfwruv1 Lqvwhdg/ wkh pdwfklqj
whfkqrorj| lv xvhg ehfdxvh ydfdqflhv duh zhoo0ghqhg +lq wkh vhqvh ri d ydfdqw mre,
dqg wkh ghvfulswlrq dqg ghwhuplqdwlrq ri htxloleulxp dulvh frqyhqlhqwo| lq whupv
ri wkh udwlr ri hpsor|hg wr ydfdqflhv1 Xvlqj dq dowhuqdwlyh ghqlwlrq ri ydfdqflhv/
lw vkrxog wkhq eh srvvleoh wr dvvxph d qhrfodvvlfdo surgxfwlrq ixqfwlrq zlwkrxw
vxevwdqwldoo| fkdqjlqj edvlf uhvxowv1
D vhfrqg h{whqvlrq lqyroyhv jhqhudol}lqj wkh vdylqjv udwh wr ghshqg rq wkh
lqwhuhvw udwh1 Wkhq pdfurhfrqrplf htxloleulxp zrxog ghwhuplqh d uhodwlrq eh0
wzhhq wkh lqwhuhvw udwh dqg wkh udwlr ri xqhpsor|hg wr ydfdqflhv/ lqvwhdg ri d {hg
ydoxh iru wkh udwlr ri xqhpsor|hg wr ydfdqflhv1 Wkh Hqwuhsuhqhxu Rswlpl}dwlrq
Frqglwlrq dqg wkh Htxloleulxp Vhohfwlrq Frqglwlrq ghwhuplqh d vhfrqg uhodwlrq
ehwzhhq wkh wzr yduldeohv/ o dqg w Wkh vhfrqg uhodwlrq/ wrjhwkhu zlwk wkh pdfur0
hfrqrplf htxloleulxp/ zrxog wkhq ghwhuplqh erwk w dqg o lqvwhdg ri d vhtxhqwldo
ghwhuplqdwlrq1 Iljxuh <14 vkrzv wkh uhodwlrq iurp wkh pdfurhfrqrplf htxloleulxp
dvvxplqj vdylqjv duh vwurqjo| dhfwhg e| wkh lqwhuhvw udwh/ wrjhwkhu zlwk wkh uh0
odwlrq ghwhuplqhg e| wkh Hqwuhsuhqhxu Rswlpl}dwlrq Frqglwlrq dqg Htxloleulxp
Vhohfwlrq Frqglwlrq frqglwlrqv1 Vshflfdoo|/ Iljxuh <14 dvvxphv r ' o dqg wkh
680.6 0.8 1 1.2 1.4 1.6 1.8 2
Unemployed












Iljxuh <14= Hqgrjhqrxv Vdylqjv Udwh
rwkhu dvvxpswlrqv iurp Iljxuh 5141
Zlwk d kljkhu udwlr ri ghew wr hpsor|phqw/ wkh fxuyh iru pdfurhfrqrplf
htxloleulxp zloo eh kljkhu/ uhvxowlqj lq d kljkhu lqwhuhvw udwh dqg udwlr ri xqhp0
sor|phqw wr ydfdqflhv1 Wklv uhvxow lv ixqgdphqwdoo| wkh vdph dv zkhq r lv {hg/
exw lqyroyhv wkh vlpxowdqhrxv vroxwlrq ri wzr htxdwlrqv +iurp wkh Htxloleulxp Vh0
ohfwlrq Frqglwlrq dqg wkh Hqwuhsuhqhxu Rswlpl}dwlrq Frqglwlrq, iroorzhg e| wkh
vlpxowdqhrxv vroxwlrq ri wzr pruh htxdwlrqv udwkhu wkdq d klhudufklfdo vroxwlrq ri
w uvw dqg wkhq  dqg o iurp wkh Htxloleulxp Vhohfwlrq Frqglwlrq dqg Hqwuhsuh0
qhxu Rswlpl}dwlrq Frqglwlrq1 Wkh lqflghqfh ri wd{hv dqg hhfwv ri xqhpsor|phqw
ehqhwv surfhhg e| ghwhuplqlqj wkh vkliw lq wkh uhodwlrq jhqhudwhg e| wkh Htxl0
oleulxp Vhohfwlrq Frqglwlrq dqg wkh Hqwuhsuhqhxu Rswlpl}dwlrq Frqglwlrq +zlwk
wkh uhodwlrq iurp pdfurhfrqrplf htxloleulxp vwd|lqj {hg,/ uhvxowlqj lq fkdqjhv
lq o dqg w L i /d vl qN d o g r u * vr u l j l q d op r g h o /v d y l q j vu d w h vi r ul q f r p hw | s h vg l  h u /
wkh frqglwlrq iru pdfurhfrqrplf htxloleulxp zloo lqyroyh wkh zdjh  dv zhoo dv w
dqg oc wkh wd{ udwhv/ dqg xqhpsor|phqw ehqhwv1 Wklv frpsolfdwhv wkh vroxwlrq
zlwkrxw fkdqjlqj wkh ixqgdphqwdo uhvxow wkdw pdfurhfrqrplf frqglwlrqv/ lqfoxg0
lqj wkh udwlr ri ghew wr hpsor|phqw/ kdyh uhdo hhfwv rq wkh zdjh dqg lqwhuhvw
udwhv1
D wklug h{whqvlrq uhsodfhv wkh Hqwuhsuhqhxu Rswlpl}dwlrq Frqglwlrq zlwk











Iljxuh <15= Hhfwv ri Qdvk Edujdlqlqj
Qdvk Edujdlqlqj wr ghwhuplqh wkh zdjh udwh1 Iljxuh <15 vkrzv wkh uhodwlrq eh0
wzhhq wkh zdjh dqg lqwhuhvw udwh ghwhuplqhg e| Qdvk Edujdlqlqj/ wrjhwkhu zlwk
wkh Htxloleulxp Vhohfwlrq Frqglwlrq dqg wkh dowhuqdwlyh uhodwlrq iurp wkh Hqwuh0
suhqhxu Rswlpl}dwlrq Frqglwlrq1 Dv vkrzq/ xvh ri Qdvk Edujdlqlqj lqvwhdg ri wkh
Hqwuhsuhqhxu Rswlpl}dwlrq Frqglwlrq grhv qrw ixqgdphqwdoo| dowhu wkh phwkrg ri
qglqj wkh zdjh dqg lqwhuhvw udwh +jlyhq w ghwhuplqhg e| pdfurhfrqrplf htxlole0
ulxp,/ exw wkh ydoxhv glhu ehfdxvh ri wkh orfdwlrq ri wkh Qdvk Edujdlqlqj uhodwlrq1
Ehfdxvh Qdvk Edujdlqlqj grhv qrw |lhog htxdo pdujlqdo udwhv ri vxevwlwxwlrq iru
hqwuhsuhqhxuv dqg zrunhuv/ wkh frqglwlrqv iru h!flhqf| duh dhfwhg1 Vshflfdoo|/
wkh h!flhqw ohyho ri xqhpsor|phqw ehqhwv +iru h!flhqw hqwu| ri zrunhuv, zloo qrw
eh }hur zkhq wkh wd{ rq oderu lqfrph lv }hur1
431 Frqfoxvlrqv
Wkh uhdvrq iru wkh vwurqj frqfoxvlrqv ri wklv sdshu/ lqfoxglqj dowhuqdwlyh zdjh
dqg lqwhuhvw udwh frpelqdwlrqv lq edodqfhg jurzwk htxloleulxp/ lv wkh klhudufklfdo
ghwhuplqdwlrq ri yduldeohv lq htxloleulxp1 Frpshwlwlyh zdjh vhwwlqj dqg htxlole0
ulxp vhohfwlrq ri rffxsdwlrq ghwhuplqh wkh zdjh udwh dqg lqwhuhvw udwh/ exw rqo|
6:diwhu d ixqgdphqwdo yduldeoh kdv ehhq ghwhuplqhg lq wkh pdfurhfrqrplf vhfwru1
Jlyhq w/ wkh zdjh udwh dqg lqwhuhvw udwh duh ghwhuplqhg e| wkh Hqwuhsuhqhxu Rs0
wlpl}dwlrq Frqglwlrq dqg wkh Htxloleulxp Vhohfwlrq Frqglwlrq1 Krzhyhu/ glhuhqw
ydoxhv ri w fdq eh ghwhuplqhg lq pdfurhfrqrplf htxloleulxp/ zlwk hdfk ihdvleoh
ydoxh ri w |lhoglqj d glhuhqw frpelqdwlrq ri zdjh udwh dqg lqwhuhvw udwh1
Lq wxuq/ wkh uhdvrq glhuhqw ydoxhv ri w d u hs r v v l e o hl vw k d we d o d q f h gj u r z w k
h{sdqvlrq ri qdwlrqdo ghew devruev lqyhvwphqw ixqgv wkdw zrxog rwkhuzlvh |lhog
dq h{sdqvlrq lq mrev1 Zlwk d kljkhu udwlr ri ghew wr hpsor|phqw/ pdfurhfrqrplf
htxloleulxp rffxuv zlwk d orzhu udwh ri qdwlrqdo vdylqjv dqg wkhuhiruh d orzhu udwh
ri qdwlrqdo lqyhvwphqw1
Wkh pdmru frqvhtxhqfh ri dowhuqdwlyh ydoxhv ri w lv wkdw wkh zdjh dqg lq0
whuhvw udwh duh qrw xqltxho| ghwhuplqhg e| frpshwlwlyh frqglwlrqv lq d edodqfhg
jurzwk htxloleulxp1 Lqvwhdg/ dowhuqdwlyh frpelqdwlrqv duh srvvleoh ghshqglqj rq
jryhuqphqw srolf|1
Wkh delolw| wr fduu| rxw sxeolf qdqfh dqdo|vlv dqg ghulyh frqfoxvlrqv dulvhv
iurp wkh vwuxfwxuh ri wkh prgho1 Wkh wd{ udwhv dqg xqhpsor|phqw ehqhw gurs
rxw ri wkh frqglwlrq iru pdfurhfrqrplf htxloleulxp dqg gr qrw gluhfwo| dhfw w/v r
wkdw hqgrjhqrxv dgmxvwphqwv lq w gr qrw qhhg wr eh frqvlghuhg1 Wd{ udwhv gr qrw
dhfw wkh Hqwuhsuhqhxu Rswlpl}dwlrq Frqglwlrq vr wd{ lqflghqfh fdq eh fduulhg
rxw e| orrnlqj dw wkh vkliw lq wkh Htxloleulxp Vhohfwlrq Frqglwlrq1 Xqhpsor|phqw
ehqhwv dhfw erwk wkh Hqwuhsuhqhxu Rswlpl}dwlrq Frqglwlrq dqg Htxloleulxp
Vhohfwlrq Frqglwlrq exw hhfwv rq wkh lqwhuhvw udwh duh xqdpeljxrxv/ zkloh hhfwv
rq zdjh udwhv uhtxluh txdolfdwlrq1 Dqdo|vlv ri h!flhqw wd{hv dqg ehqhwv lv
vlpsolhg ehfdxvh wkh frqglwlrq rq h!flhqw vhohfwlrq ghwhuplqhv wkh lqwhuhvw udwh1
Wkhq wkh pdujlqdo surgxfw ri oderu iru h!flhqf| fdq eh ghwhuplqhg1 H!flhqw
wd{hv dqg ehqhwv pxvw wkhq |lhog d nqrzq ohyho ri wkh zrunhu dvvhw ydoxh1 D
srvlwlyh wd{ rq oderu lqfrph wkhq uhtxluhv d srvlwlyh xqhpsor|phqw ehqhw iru
h!flhqf|/ dqg wkh wd{ rq surwv pxvw wkhq eh qhjdwlyh wr |lhog wkh suhghwhuplqhg
udwlr ri zrunhu wr mre dvvhw ydoxhv1
Wkh Ndogru pdwfklqj prgho h{sodlqv wkh jhqhudo sdwwhuqv ri wkh gdwd lq Wdeoh
41 Zkhq wkh ghew wr rxwsxw udwlr lv uhodwlyho| kljk +lq wkh ehjlqqlqj dqg odvw
sduwv ri wkh shulrg,/ wkh uhdo lqwhuhvw udwh lv kljkhu dqg wkh uhdo zdjh udwh lv orzhu
wkdq lq wkh plggoh shulrg/ zkhq wkh ghew wr hpsor|phqw udwlr lv uhodwlyho| orz1
Mdphv Wrelq +4<;</ s1 6;, h{suhvvhg wkuhh uhvhuydwlrqv frqfhuqlqj wkh ruljl0
qdo Ndogru prgho1 Wkh uvw frqfhuqhg zkhwkhu idfwru sulfhv frxog eh ghwhuplqhg
lqghshqghqwo| ri wkhlu surgxfwlylwlhv1 Lq wkh Ndogru pdwfklqj prgho ghyhorshg
khuh/ idfwru sulfhv duh qrw lqghshqghqw ri wkhlu surgxfwlylwlhv/ exw dovr duh qrw
6;xqltxho| ghwhuplqhg e| wkhp1 Ghvslwh wkh suhvhqfh ri d {hg sursruwlrqv surgxf0
wlrq ixqfwlrq lq jhqhudwlqj rxwsxw iurp d pdwfk/ frpshwlwlyh ehkdylru ri zrunhuv
dqg hqwuhsuhqhxuv/ uh hfwhg lq wkh Hqwuhsuhqhxu Rswlpl}dwlrq Frqglwlrq dqg wkh
Htxloleulxp Vhohfwlrq Frqglwlrq/ |lhogv d vroxwlrq lq zklfk wkh zrunhu dvvhw ydoxh
zkhq xqhpsor|hg htxdov wkh pdujlqdo surgxfw ri oderu +lq wkh devhqfh ri wd{hv
dqg xqhpsor|phqw ehqhwv,1 Lq jhqhudo/ frpshwlwlyh frqglwlrqv ghwhuplqh wkh
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